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SPACECRAFT AND GROUND SUPPORT 
EQUIPMENT (GSE) CONFIGURATION PANEL 

i 

V 

A. TASK ASSIGNMENT 


The Apollo 204. Review Board established the Spacecraft and Ground Support Equipment (GSE) 
Configuration. Panel 1. The task assigned for accomplishment by Panel l. was prescribed as follows: 
Establish and document physical configuration of spacecraft and GSE immediately prior to 
and during fire accident including equipment configuration, switch position, and nonflight items 
in cockpit. By deviation, document configuration differences with respect to expected launch con 
figuration and configurations used in previous testing, (altitude chamber, for example), as perti- 
nent to this problem. To a lower level of detail, document configurational difference between the 
spacecraft and other spacecraft as pertiment to this problem. 

In response to the task assignment, the Panel Chairman presented for Board approval a Statement 
of Work which further described the individual elements of the task. The Statement of Work defined 
the term, '‘Spacecraft and GSE Configuration", as: “The physical state of the Spacecraft and/or 
supporting systems, including components, ground equipment, facilities, and their interfaces at a specified 
point in time." 


B. PANEL ORGANIZATION 


1. MEMBERSHIP: 

T he assigned task was accomplished by the following members of the Spacecraft and Ground Sup 
port Equipment (GSE) Configuration Panel: 

Mr. Jesse F. Goree, Jr., Chairman, Manned Spacecraft Center (MSC), NASA 

Mr. Charles 1). Gay, Kennedy Space Center (KSC), NASA 

Mr Carroll R. Rouse, Kennedy Space Center (KSC), NASA 

Mr. Charles R. Haines, Manned Spacecraft Center (MSC), NASA 

Mr. Ronald Y. Murad, NASA Headquarters, Office of Manned Space Flight 

Mr. William F. Edson, North American Aviation, Inc., Kennedy Space Center (KSC) 

Mr. Ray F. Larson, North American Aviation, Inc., Kennedy Space Outer (KSC.) 

2. COGNIZANT BOARD MEMBFR. 

Mr. John J. Williams, Kennedy Space (‘enter (KSC). NASA, Board Member, was assigned to 
monitor the Spacecraft and Ground Support Equipment (GSE) Configuration Panel. 

C. PROCEEDINGS 


l INVESTIGATIVE APPROACH 

Enclosures 1-L 12. and 1 T are general representations ot the Spacecraft, Launch Vehicle and 

Launch Complex, and are provided to aid the discussions contained m this section. This Panel pur- 
sued the investigation in terms of exceptions to the required launch configuration For this purpose, 
the required launch configuration was defined as that documented by engineering data approved (re- 
leased) for implementation Identification of the configuration differences existing at the time of the 
accident was accomplished through review of work records against released engineering data. These 
differences were analysed to identify items pertinent to the accident. This approach did not constitute 
presumptions as to the adequacy of the documented launch configuration. Rather, these data were con- 
sidered to represent the engineering effort accomplished during the design of the Spacecraft and pro 
vuled a baseline lor comparative analyst's I hc Spacecraft and supporting svftems were identified accord 
mg to the major hardware elements to permit discrete consideration of each element relative to the 
accident Major hardware elements were 
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a. Spacecraft (S/C) - 

(1) Command Module (C/M) interior 

b. Module (S/M), andAdaph, 

(1) Spacecraft /Launch Vehicle 

(2) Spacecraft /ground system 

c. Ground system - 

(1) Spacecraft Ground Support Equipment (GSE) 

(2) Supporting facilities 
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(1) Spacecraft. Released engineering drawings listed in the "‘Spacecraft 012 Configuration 
Index", January 29, 1967. The individual component parts are identified, by part number, in 
“Spacecraft 012 Indentured Parts List", January 28, 1967. Note: Configuration Index and Identured 
Parts List are computer tabulations . for which input data. was updated- continuously prior to the 
accident. These data were retrieved on the dates indicated. 

(2) Spacecraft Interfaces. Interfaces between the Spacecraft and Launch Vehicle are defined 
by applicable Interface Control Drawings (ICIVs); 

(a) ‘Instrument Unit to Spacecraft Physical Requirements, ICD 18M20408." 

(b) “Instrument Tnit to Spacecraft Lunar Module Adapter (SLA) Electrical Interface (S T. 
012), ICO 40M37508A." 

Spacecraft- to-ground system Interface connections were specified in the “Launch Complex 14 
Checklist, OCP FO-K-lOOll," and implemented in accordance with the “GSE Functional Inte- 
grated System Schematics." Physical provisions for these connections are defined by detailed space- 
craft and CSE drawings. The spacecraft- to- launch vehicle and spacecraft- to-ground system int?r- 
faces are depicted in Enclosure 19, Drawing M>0056-2 . 

(1) Ground System. The required configuration of the spacecraft CSE is prescribed bv the 
GSE Functional Integrated System Schematics," according to the particular checkout or servicing 
operation to be performed. “Operational Checkout Procedure, OCP FO-K -0007," prescribes the 
sequence of launch operations, referring to the “Launch Complex 34 Checklist, OOP FO-K 10011,“ 
for detailed GSE connections, operations, and disconnections. The checklist provides only a narrative 
statement of the operations; therefore, it must be used in conjunction with the “GSE Functional 
Integrated System Schematics." Basic design interfaces between the spacecraft GSE, supporting 
facilities, and remote monitoring and control equipment are defined in numerous ICD's (Reference 
1-8). Configuration requirements of these ICD's arc reflected in released engineering data, 
b. Required Tost Configuration. Certain of the released engineering orders (EO’s) specify that 
they are to be accomplished prior to a tost which follows the Space Vehicle Plugs Out Integrated 
Test; for example. Flight Readiness Test (FRT) or Countdown. However, explicit definition of total 
spacecraft configuration requirements for the Space Vehicle Plugs Outs Integrated lest did not exist 
in the form of released engineering data. 'The Opt rational Checkout Procedure for the Space Vehicle 
plugs Out Integrated Test, OCP FO-K 0021 -1 , specified the functional configurations prescribed for 
the test. These functional configuration requirements include those items required to be different 
from the launch configuration to permit accomplishment ot tne simulated launch less the physical 
event. Both the engineering data and the test documentation leave definition of the required test 
configuration to inference as opposed to explicit specifications. 

The test operation involved a procedure wherein all work not accomplished to meet launch 
requirements was reviewed to identify those open items which would constrain accomplishment 
of the test. Therefore, the decision to proceed with the test has been construed by this Panel to 
mean that all recogm/ed constraints were satisfied /Phis aspect of configuration requirements was 
considered in cooperation with Tost Procedures Review Panel, 7, and is discussed further in Ap- 
pendix I) 7. 


Items required to be different f rum the launch configuration for reasons of test conditions and 
procedures are summarized in the following paragraphs. 

I D Spacecraft. Spacecraft configuration differences authorized by OCP FO-K 0021-1 and en- 
gineering orders (KO’s) for the Spue** Vehicle Plugs Out Integrated Lest were as follows: 

(a) Open access panels to permit GSE connections. 

(b) Expendables not on board to preclude unnecessary exposure of systems to contamina- 
tion or hazards to operation. 

(c) Fuel cells not activated to preclude partial tedmtion ot um’IuI hte. 

(d) Electrical circuits to pyrotechnic devices interrupted and shorting plugs installed to 
prevent actual firing during simulated mission sequence. 

(e) Boost Protective Cover installation not completed to permit access to GSE connections. 
tO Circuits from S M batteries to S M jettison controller interrupted This was to prevent 
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continuoui application of voltage to Reaction Control System (RCS) jet solenoids (simulated 
by load boxes) following simulated- Service Module /Command Module separation. 

(g) Installation of test batteries (flight type) to preclude power drain from units assigned 
(by serial number) fo v the actual mission. 

(h) Those items pecifically required to be accomplished as of .a planned test subsequent to 
the Space Vehicle Plugs Out Integrated Test. These items are specified by Engineering Or- 
ders which are identified as open EO’s (See Reference 1-10). 

(2) Spacecraft Interlaces. Differences required for-the test operations were: 

(a) Facility air supply through C/M access panel to the space, between pressure vessel and 

heat shield to provide humidity control. 

(b) Connection ot t round-supplied oxygen in absence of on- board supplies. 

(c) Special umbilical interface for water/glycol circulation to prevent disconnection at time 
of umbilical separation in planned mission sequence. 

(d) Connection of isolated power supply to maintain water/glycol return valve in open 
position (to continue external conditioning) following planned umbilical separation. 

(e) Connections for GSE battery rack to be used as fuel cell substitute following planned 
simulated transfer to internal power. 

(f) Special interfaces for S/C. antennas .o provide RF link to ground system. 

(g) Connection of RCS load boxes (simulators) to permit testing of flight controls, yet 
preclude ex -. rising RCS jet solenoids. 

(h) Installation of fuse boxes in the electrical interface between the spacecraft and the 
launch vehicle to protect computers in the Instrument Unit from any adverse conditions dur- 
ing the test 

(3) Ground System. The required ground system configuration differences from the launch con- . 
figuration were those required in support of the interfaces described in paragraph B.3.b(2). The 
ground system and interface configurations are depicted in the following drawings of Enclosure 

1-9. 

TITLE NUMBER 

S/C/ Range/Launch Vehicle l-D-0056-3 

Interfaces, T-10, OCP 
FO-K-0021-1 


S/C/GSE Configuration 

l-D-0056-4 

during T-10 Hold, OCP 


FO-K-0021-1, Electrical 


Launch Complex 34 (LC 34) 

LD-0056-7 

ECS Airduct 


S, C GSE Configuration 

l-D-0056-8 

during TTO Hold, OCP 


FO-K-0021T , Mechanical 



c. Configuration at Time of Accident 

Data prescribing the configuration at the time of the accident were obtained from configuration 
management records as supplied by Panel 6 (Historical Data), witness reports, and special reports 
submitted by other organizations. Pertinent information contained in special reports prepared after 
the accident was verified by this Panel. Panel 1 also prepared documentation of configuration 
elements based upon post-accidcnt inspection in those cases wher complete data were not other- 
wise available. These data arc discussed in the following paragraphs. 

( l) Spacecraft. 

(a) Documentation: Differences between the launch configt. uiem and the configuration at 
the time of the accident are documented by the following: 

1 ‘ Spacecraft 012 Configuration Verification Record 'C\RV‘ January 28, 1967. 
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D-l-8 





► ' 

K 

k 


I 




This document identifies the work status of all released EO's effective on Spacecraft 012 
which were not accomplished at time of receipt at KSC or were released subsequently. 
The CVR is a computer tabulation of data inputs as of the start of Space Vehicle Plugs 
Out Integrated Test which was retrieved on the date indicated. Enclosure 1-5 is a graph- 
ical representation of cumulative EO releases and work status subsequent to delivery of 
Spacecraft 012. While verifying this document. Panel 1 identified several EO’s partially 
accomplished at the time of the accident. These EO's are listed in Reference 1-12. Also, 
twenty-two EO's listed in Reference l-i3, were released subsequent to closeout of the CVR, 
and were not accomplished as of the time of the accident. A summary listing of all EO’s 
open at the time of the accident was prepared by the Panel and is contained in Reference 
1-10. This listing includes those released for incorporation through normal work schedules 
as well as those constrained for incorporation at* a time subsequent to the Space Vehicle 
Plugs Out Integrated Test. 

2. "Spacecraft 012 Test and Acceptance Inspection Report (TAIR).” This document 
consists of several volumes (or books) with entries for each work item intiated on the Space- 
craft. Entries reflect the part affected, authorizing documents, entry date, closeout date, 
quality control inspection stamps. Entries pertinent to this Panel's investigation are those 
of "Parts Installation and Removal Records (PIRR's), 1 ’ and "Temporary Installation 
Records (TIR's).” "Discrepancy Reports/ Material Review (DR/MR)” actions. Type A 
"Test Preparation Sheets (TPS's)" and OCP requirements authorize work on the Space- 
craft. The PIRR is used to record any work against a previously installed and accepted 
part or the installation of a new part; for example, removal of a part for rework, removal 
of a part for access, disconnection ot mated connectors, etc. The TIR is used to record 
temporary installations which must be removed to meet requirements of the launch con- 
figuration. Entries in either of these records constitute open items until such time as the 
affected part is returned to the launch configuration and verified by quality control in- 
spection. DR/MR actions result from discrepancy reports which are dispositioned for 
correction by minor form or fit changes under authority of the Materials Review Board. 
Type "A" TPS's authorize work to be accomplished on the Spacecraft in conformance 
with released EO's. PIRR's and TIR's reflect TPS, DR/MR* or OCP authority. PIRR s 
and TIR's open at the time of the accident were reviewed by the Panel and are listed 




in Reference 1-10. 


3. "Spacecraft 012 Controls Configuration" (switch and valve positions). This docu- 
ment was prepared by Panel 1 and is provided as Reference 1-15. Data presented in this 
document relative to the controls configuration before the accident were obtained from the 
accomplished parts of the OCP. The document also contains comparisons of control config- 
urations at other specified times. 

4. "Crew Compartment Stowage and Loose Equipment Configuration." Data contained 
in Kndostue 1-8 were compiled from Reference 1-1(1, 1-17 and 1*18. This enclosure identi- 
fies the stowed equipment and materials that were in the Spacecraft at the time of the 
accident. This information was used to configure a mockup of the C M to portray the 
configuration of Spacecraft 012 immediately prior to the accident. Enclosure l b is a 
photograph of this mockup, less crew couches. Enclosure 1-7 is a picture ot the mockup 
with couches and umbilicais installed. The mockup was used by Panel 5 (Origin and 
Propagation of Fire) to study possible fire propagation paths. 

(b) Data Synopsis: Review of the data discussed previously reveals that 80 EO's were out- 
standing at the time of the test. Of these, 20 were specified to be accomplished subsequent 
to the Space Vehicle Plugs Out Integrated lest and four were of a nature net affecting con- 
figuration. A total of 384 PIRR's TIR's were open, of which 125 were initiated as require- 
ments of the test The remaining 250 items reflect incomplete status of further work to have 
been accomplished dor to launch. Open items represented by these figures were identified 
through reconciliatu ’ configuration records with witness reports and results of post-accident 
inspection. Procedure: u* PAIR entries required that removal of a part be documented by 

PIRR, and that installation of a temporary replacement be entered on a TIR. In some in- 


D-l-9 


stances, this resulted in two entries against a single change action. Many of the PIRR’s/TIR’s 
were not relevant as they affected items such as Service Module access panels or protective 

covers on external components. Significant items contained in the referenced data are identified 

in two categories: Significant configuration items, and items which may have relevance to 
flame propagation. These items are presented below.. 

1. Significant Configuration Items 

a. Investigation of the released engineering and work orders for the installation 

of new debris traps has shown that this work was. only partially complete. Engin- 
eering Order No. 582252 released the debris trap modification kit. This modification 
provides for the replacement of the fish- net type of debris traps with Raschel.net 

debris, traps. All old-type debris . traps were removed. Eleven (11) of twenty-five (25) 

new debris traps were installed prior to start of test. This replacement was docu- 
mented on the authorizing TPS. 

b. Flight items installed in other than normal configurations: 

(1) Two 16-mm sequence cameras and a camera power cable were stowed 
loose on the floor of the gas chromatograph installation area.. The normal stow- 
age position of these items is one camera with cable in Scientific Compartment 
“A’' and one camera in Scientific Compartment “G." 

(2) A Dew Point Hygrometer Sensor, sensor cable, power cable, and control 
unit, were stowed loose on the floor of the gas chromatograph installation area. 
The normal stowage position of these items is scientific compartment “D.” 

(3) The drinking water dispenser was not connected to the hose. 

c. The Spacecraft controls configuration which existed at the time of the accident 
was in accordance with the planned procedure specified in Operational Checkout 
Procedure FQ-K-0021-1 with the following exceptions: 

(1) The crewmen’s audio center communications controls configuration which 
existed at the time of the accident differed from the planned procedure due to 
the troubleshooting of the communications systems during the tests. The exact 
configuration of these controls at the time of the accident cannot be determined. 
The configuration as found after the accident would have permitted all three 
crewmen to have two-way communication both within the Spacecraft and to the 
ground. 

(2) The switch labeled “YHF ANTENNA” (Very High Frequency Antenna 
Selector Switch) was specified to be in the ‘"UPPER” position, but was changed 
to “LOvVER” per ground personnel request during the communication trouble- 
shooting. This action switched the active VHF antennas. 

(3) The switch labeled “S-BAND ANTENNA” (S - Band Antenna Selector 
Switch) was specified to be in the “UPPER” position, but was changed to 
“LOWER” per ground personnel request during the communications trouble- 
shooting. This action switched the active S-Band antennas. 

(4) The switch labeled "H 2 0 ACCUM AUTO /MAN/ AUTO” (Water Ac- 
cumulator Mode Selector Switch) was specified to be in the “MAN” (Manual) 
position, but was changed to “AUTO” (Automatic) during the test per flight 
crew request. In the “AUTO” position, the cyclic accumulator is actuated auto- 
matically every ten minutes to remove moisture from the suit loop gases. In the 
“MAN” position, the cyclic accumulators must be cycled by the crew using the 
switch labeled “HoO ACCUM/ON/OFF/ON” (Manual On-Off Switch) as re- 
quired. 

(5) The switch labeled “AC INVERTER 2 MNB/OFF” (Inverter Number 
2 Power Switch) was specified to be in the “OFF” porition, but was changed 
to “MNB” (Main Bus B) by recorded deviation to the OCP during the test. 
“MNB” is the correct position, supplying the Main Bus B power to Inverter 
No. 2. 

d. Karth Landing System sequence rover panel assembly in right* hand equipment 
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bay removed on January 23, 1967. Removed per OCP FO-K- 10011 deviation No. 
25 for purpose of connecting Acceptance Checkout Equipment (ACE) connectors. 
(ACE removed prior to Space Vehicle Plugs Out Integrated Test). 

e. Cover on connector on Guidance and Navigation (G&N) computer removed 
to facilitate installation of 100 series test connector cover which was installed for 

testing purposes and would be removed before flight. 

f. Ten connector caps on Power Servo Assembly (PSA) trays were removed on 


December 30, 1966. 

g. Translation Controller ME901 *0171 -0204, S/N- EAC 1024, installed on left- 
hand couch, left-hand side on January 24, 1967. Authorization for installation was. 
per Test Preparation Sheet S/C 566 Step No. 3. Controller was installed to support 
OCP FO-K- 0006 (Plugs In Test) and OCP FO-K-0021-1. 

h. Rotational Controller, ME901 -0172-0204, S/N DAK 1034, installed in left- 
hand couch, right-hand side on January 24. 1967. Authorization for installation 
was per Test Preparation Sheet S/C 566 Step No. 4. Controller was installed to 
support OCP FO-K-0006 and OCP FO-K.-0021-1. 

i. Carbon dioxide absorber elements ME901-0218-0001, S/N 24172 and^ 24171, 
installed on January 27, 1967, as specified in OCP FO-K- 10011 deviation No. 140. 
Absorber elements are a different configuration than the flight articles (ME901-0218- 
0001 as compared with -0021-1). Elements installed for Space Vehicle Plugs Out In- 
tegrated Test did not have by pass provisions and were enclosed in a glass fiber shell 

as opposed to aluminum. T ~ 

j. Pyro Panel (No. 150) was temporarily installed prior to the Plugs In lest, 

(OCP FO-K-0006). Panel was not fully installed and was recorded as a temporary 
installation. The panel was out approximately 5 to 6 inches from lower equipment 

bay panel line and was located on aft bulkhead. 

k. Engineering Order (EO 507283) released the requirements for replacing the 
electrical bonding straps for couches with a strap that is less susceptible to damage. 
Two of four existing straps were removed on Parts Installation Removal Records. 
New electrical bond straps (P/N MS 25083-3BB8 and MS 25083-2BB8) were to be 
installed by TPS-SC 012-SC-535, which was not accomplished prior to the Space 
Vehicle Plugs Out Integrated Test. 

l. Gas Chromatograph (P/N R534845-2-A, Serial Number 5) was removed on 
December 30, 1966. Replacement of gas chromatograph was not a constraint to the 
conduct of Space Vehicle Plugs Out Integrated Test or Plugs In Test. The power 
and sensor connector for the chromatograph had voltage present, and was placed on 
the shelf of the gas chromatograph compartment. (See Appendix B, Witness Statement 

m. The Data Storage Electronic Assembly (DSEA) Recorder (P/N LSC-360-12, 
Serial Number 104) was temporarily installed J anuary 27, 1967. Installation was made 
in accordance with Test Preparation Sheet (TPS SC 012 583, Step IP). The temp- 
orary installation of the DSEA Recorder was accomplished to provide a flight con- 
figuration for the Space Vehicle Plugs Out Integrated Test. The power connector to 
the DSEA was energized during the test. Post-test investigation revealed that the 
power connector was not hooked up. 


2 Items Which May have Relevance to Flame Propagation 

a. Engineering Order, (EO 226756) released at the Contractor’s Downey facility 
on January 20, 1967, provided direction to inspect the polyurethane foam (Specifi- 
cation MB01 30-039) in specified areas and coat with silicone rubber, (Type II, Speci- 
fication MB01 30-019) to meet flammability requirements. This direction was not 
recorded in the CVR as of start of Space Vehicle Plugs Out Integrated Test (issued 
at Contractor's Florida Facility on January 27, 1967,) and was not accomplished on 
S/C 012. This item is of possible significance in terms of fuel for the fire and as a 
medium tor flame propagation. 


b. Polyethylene bags were used to cover the hose fitting for the drinking water 
dispenser and the battery instrumentation cable and connectors (2) and transducer, 
which were placed on the aft bulkhead near the batteries. These bags are nonflight 
materials. 

c. Two Polyurethane pads, approximately 20 x 24 x 2 inches, covered with V elo- 
stat, were stowed over the Z-Z couch struts. The pads were placed in the Spacecraft 
to. protect the struts, wiring, and aft bulkhead during the planned emergency egress 
at the end of the test. (See Appendix B, Witness Statement Number 3). These items 
were nonflight materials and were not documented by quality inspection records. 

d. Three packages of switching checklists from Operational Checkout Procedure 
FO K-0021-1 (multilith process') and one package of system malfunction procedures 
(Xerox and Bruning processes), in a manila folder were stowed on the crew couches 
and on the girth shelf. These items were on unqualified paper. While required for 
the test, these items were not documented by quality inspection records. 

c f^ylon protective sleeves were covering all three crewmen s oxygen umbilicals. 
These were nonflight items. 

f. Three GSE window covers were temporarily installed. Covers were installed 
to protect the windows and are nonflight items that were in the Command Module 
(C/M) at the time of the accident. Another such cover for the side hatch window 
was removed by the crew and stowed inside the C/M. Covers arc nylon fabric where 
the flight covers are made of aluminized Mylar. 

g. Velcro pile MFL-F-21840A installed to protect Velcro hook on C/M floor. 
Would have been removed before flight. 

h. "Remove before flight" streamers installed in C/M interior. Represents addit- 
ional nonflight items in C/M. 

i. Polyethylene zipper tubing installed to protect hand controller cables. Poly- 
ethylene tubing cover is a nonflight item and represents additional material in the 
C/M. 

(2) Spacecraft Interfaces 

(a) Documentation: Configuration of Spacecraft interfaces at the time of the accident is 

defined by the documentation described below: 

1. Spacecraft /Launch Vehicle (SC/ LA’) interfaces are depicted in Enclosure 1-9, Draw- 
l-D-0056 -3 Also, details of the SC/LV electrical interface functions arc defined in Ref- 
erence 1-19. These data are based upon review of ICD's 40M37508A, 13M20408, changes 
thereto, and visual inspection to the extent possible. 

2. Spacecraft /Ground System interfaces are represented schematically in Enclosure 1-9, 
Drawings l-D-0056-3, -4, -7, and -8. Also electrical cable connections and interface funct- 
ions are identified in Reference 1-19. 

(b) Data Synopsis: 

Significant interface differences from the required launch configuration were as follows: 

1. The fuel cell buttery rack assembly (C14-395) was electrically mated to the con- 
nectors from which fuel cells 1 and 3 would (in flight) supply direct current (DC) power 
to the S/C busses. This was accomplished per Checklist FO-K-1011 and was required due 
to the fact that the fuel cells were not operating in this test. Power was being supplied 
through the flyaway umbilical from a ground power source. At T O minutes, the umbilical 
would have been dropped to satisfy test requirements. At T-10 minutes, per the Test 
Procedure, OCP FO-K-0021-1, bus power would have been transferred from external 
GSE power to C.14-395 battery power (Enclosure 1-9, Drawing l-D-0056-4). 

2. The Y00 • 085 cable and a power supply were c onnected to the S C. water glycol drain 
and vent shutoff valve S23LV1 (Reference l-D-00.%-8). This valve must be held open 
by a 28 VDC source in order to maintain water glycol circulation during ground testing. 
During this test, the flyaway umbilical which normally carries the 28 VDC power is dis- 
connected at T-0 minutes and, the valve would close if not separately powered. 

3. The ground oxygen (0. A source was connected to the S/C. Oxygen to the Spacc- 
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craft was supplied (Reference Schematic l-D-0056-8) from a bottle source through the 0 2 
Test Set to the 0 2 valve box in the S/C. This particular configuration was being used for 

the first time at LC 34. .... , 

4. A thermocouple was taped to the oxidizer “A” isolation valve and was connected 
to a GSE meter. During this test, the propellant isolation valves were to be energized for 
a period of approximately 15 minutes.. A technician was to monitor the valve temperature 
during the. actuation time in the test. 

5. Seven C/M RC.S simulator cables were connected from the simulator boxes to the. 
S/C. These cables were connected from the simulator .boxes to the RCS Control Boxes 
through C/M access panels. Each of these cables ran beneath the Boost Protective Cover 
(BPC) sections that had been .installed surrounding the S/C hatch. Post-test observation 
indicates that the cable interference with the BPC bulged the installed sections of BPC 
such that the hatch section of the BPC could not be installed properly. 

(3) Ground System . . . . , . 

(a) Documentation: The configuration of the ground system at the time of the accident is 

described by the following: 

1. Spacecraft GSE configurations existing at the time of the accident or used earliei 
in the test arc depicted in Enclosure 1-9, Drawings l-D-0056-1, -4, -5, -7, -8, and -9. 
These drawings were prepared for Panel 1 based upon visual inspection and reference to 
GSE Functional Integrated Schematics for internal detail. The individual GSE models 
used during the test and change actions not accomplished arc tabulated in Reference 1-19. 

2. Configuration of supporting facilities was documented by a report prepared by the 
KSC Launch Facilities Division in support of this Panel's investigation. This report is 
provided as Reference 1-20. Reference 1-21 is an inventory listing of miscellaneous items 
found on the sendee structure platforms after the accident. 

3. Configuration of remote monitoring and control equipments arc briefly described 
in Reference 1-20. Reference 1-22, prepared by this Panel, contains further data regarding 
details of the configuration of the Acceptance Checkout Equipment (ACE), Operations 
Intercommunications System (OIS), and the Mission Control Center, Houston. The overall 
configuration of remote monitoring and control equipment at the time of the accident 
is depicted in Enclosure 1-9. Drawing l-D-('u56-3 The configuration of ACE is shown in 
Enclosure 1-9. Drawing l-D-0060. OIS configuration is shown in Drawing l-D-0062. 
(b) Data Synopsis: Significance of the ground system configuration is summarized as follows: 

1 . No further significance is attached to the Spacecraft GSE configuration beyond that 
previously discussed under the heading “Spacecraft/Ground System Interfaces.” 

2. The configuration of supporting facilities within the scope of this Panel s investi- 
gation is not represented as pertinent to the accident. The safety aspects of the facility 
configuration were deferred to Panel 13 (Ground Emergency Provisions Review). 

3. The remote monitoring and control equipment were configured according to pub- 
lished requirements and operational procedures. Analyses of difficulties experienced in the 
communications equipments, as mentioned in Reference 1-22, were referred to Panel 9 
(Design Reviews). 

d. Post-Accident Configuration . 

The damage caused by the fire in the Spacecraft is documented by the Apollo 204 Review 
Board Photographic Files and by the work records of the disassembly accomplished by Panel 4 
(Disassembly activities). Panel 1 considered those aspects of the post-accident configuration nece- 
ssary to verify certain elements of the configuration existing at the time of the accident and to 
identify changes in control configuration accomplished during the fire. The scope of these con- 
siderations was limited to configuration change actions accomplished during and immediately fol- 
lowing the fire. Considerations were based upon photographs and visual inspection by members 
of this Panel. The significant post-accident configuration differences are summarized as follows: 
(1) The rotary switch labeled "BN1AG POWER” (Body-mounted attitude gyro power switch) 
was found in the "OFF” position, whereas it should have been in the "AC.2 MNB” (Alternating 
Current Number 2 and Main Bus B) position. A silhouette pointing to the ”AC2 MNB” position 
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indicates the switch was moved to the “OFF” position alter sooting occurred. 

(2) Thirly-tnree circuit breakers which were closed prior to the accident wee -ound “OPEN.” 
The shafts exposed by the circuit breakers opening vaiy from sooted to clean, giving some gross 
determination of the relative times at which the different breakers opened (Reference 1-15). 

(3) Two switches labeled “MAIN BUS TIE-BAT A & C and BAT B & C” (Battery A and 
C tie to Main Bus A and Battery B and C tie to Main Bus B) apparently were changed, from 
the “AUTO” to the “ON” positions by the crew after the fire was reported. This action placed 
Spacecraft batteries A and. 0 in parallel onto Main Bus A and batteries B and C in parallel onto 
Main Bus B; in addition to the ground power being supplied. This action was not a planned 
procedure in event of rapid or emergency egress. It could have been taken in an attempt to main- 
tain communication or lighting since emergency procedures called for GSE power off. 

(4) The Pad Emergency Egress Procedure specified in the Apollo Crew Abbreviated Checklist, 
page 15-2 (including planned changes), called for: (a) Turning off the switches labeled “MASTER 
EVENT SEQ CONT PYRO ARM 1 and -2,” (Master Event Sequence Controller Pyrotechnic 
Arming Switches); (b) “SM RCS PROPELLANT A, B, C, AND D,” (Service Module Reaction 
Control System Propellant Switches for Quads A, B, C and D); (c) Placing the CABIN RELIEF 
VALVE TO “DUMP”; (d) Opening the four circuit breakers labeled “MASTER EVENT SEQ 
CONT ARM A BAT A, ARM B BAT B. LOGIC A BAT A, and LOGIC B BAT B,” (Master 
Event Sequence Controller Pyrotechnic and Logic Arming Circuit Breakers). One of the circuit 
breakers, “MASTER EVENT SEQ CONT ARM B BAT B” was found open. All the other con- 
trols listed above are in the pre-accident configurations. 

(5) The switch labeled “RCS INDICATORS” (Reaction Control System Indicators) was spec- 
ified to be in the “SM D” position (Service Module Reaction Control System Quad D), but was 
found in the “SM A” position. OCP FO-K. -0021-1 did not specify the normal step of returning 
this switch to the “SM A” position after use (as specified in the Apollo Crew Abbreviated Check- 
list and in previous Operational Checkout Procedures). The crew apparently did this in accordance 
with the abbreviated checklist. This switch selects the inputs to the time-shared RCS displays on 
Panel 12. 

(6i The switch labeled "TAPE RECORDER RECORD/PLAY” was found after the accident 
to be in the “OFF" position (OCP FO-K.-0021-1 specified "RECORD”). There is no record of 
the crew deviating from the OCP FO-K-0021-1 specified position. The Apollo Crew Abbreviated 
Checklist specified “OFF” for this switch unti. immediately prior to launch. The switch might 
have been set to "OFF” per that procedure (without ground coordination) or knocked off inad- 
vertently. The Tape Recorder (DSE) would not operate in either switch position until enabled 
by setting the switch labeled "TAPE RECORDER FWD/REV” (Tape Recorder Forward /Reverse 
Selector Switch) to the forward or reverse position (planned just prior to launch). 

(7) The gas chromatograph power sensor connector was found on the aft bulkhead. This con- 
nector was placed on the shelf of the chromatograph compartment at time of crew ingress, 
e. Plugs- In Test Configuration 

The Spacecraft 012 Plugs- In Test. OCP FO-K 0006. was initiated at 4:00 a.m. EST, January 
25, 1967, and was completed at 2:54 a.m. ESI . January 26. 1967. Aside from test set-up, few 
configuration changes were accomplished between completion of Plugs- In Test and start of the 
Space Vehicle Plugs Out Integrated l est at 7:00 a.m. LSI . on January 27, 1967. Configuration 
changes were identified from Parts Installation and Removal Records. Temporary Installation 
Records, and Discrepancy Report Material Review dispositions. The configuration at the time of 
the Plugs- In Test relative to the Space \ elude Plugs Out Integrated Test is summarized as follows; 

(1) Spacecraft 

Difference in the configuration of the Spacecraft at the time of the Plugs-In lest with 
respect to the Space Vehicle Plugs Out Integrated Test are listed in Reference 1-10. Significant 
differences were as follows: 

(a) Boost Protective Cover (BPC) and splice plate (10 pieces) installed for Space Vehicle 

Plugs Out Integrated Test. The BPC was partially installed to accommodate the hatch BPC 

which was necessary for the planned emergency egress exercise. 

(h) Main “A,” Main “H." and the post-landing test batteries were not installed (used) 
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during the Plugs- In Test. Jettison controller batteries were used for each test, but were of a 
different serial number. 

(c) Eleven protective dust caps installed on pyrotechnic connectors in the C/M subsequent 
to Plugs- In Test. Caps placed on non-mated connectors to provide protection and prevent 
shorting. 

(d) The Inertial. Measurement Unit (IMU) heater shorting plug was temporarily installed 
in tray 7 for the Space Vehicle Plugs Out Integrated Test. This provides heater power from, 
the S/C bus rather than from an external source. The installation of this shorting plug rep- 
resents a configuration difference from the Plugs- In Test; however, this .plug had been used 
previously during the Altitude Chamber Test (OCP FO-K.-0034A). The “Launch” configur- 
ation also requires that this plug be installed. 

(e) Carbon dioxide absorber elements, P/N ME 901-0128-0001, were installed for the Space 
Vehicle Plugs Out Integrated Test. These absorber elements were not flight configuration. 

(f) The same three crewmen umbilical electrical cables (cobra cables) were used in the 
Plugs- In Test as were used in Space Vehicle Plugs Out Integrated Test. However, two addit- 
ional cobra cables were stowed on board for this test, one of which was used by the Com- 
mand Pilot during part of the test. 

(g) Noise-limiter adapters were attached to the cobra cables for the Space Vehicle Plugs 
Out Integrated Test, but not used for Plugs- In. They were check out in the Spacecraft be- 
tween the times of the two tests. 

(h) An “octopus cable,” (Medical Data Acquisition System cable) was installed for the 
Space Vehicle Plugs Out Integrated Test, but not used for Plugs-In Test. 

(i) Flight crew equipment was not stowed for the Plugs-In Test. 

(2) Spacecraft Interfaces 

Differences in the Spacecraft interface configurations between the Plugs In and Space 
Vehicle Plugs Out Integrated Tests are identified in Reference 1-19. The significant differences 
were: 

(a) Pyrotechnic Substitute Units were utilized during the Plugs In Test and were dis- 
connected during the Space Vehicle Plugs Out Integrated Test in an attempt to provide bet- 
ter S/O ground isolation. 

(b) Fuel Cell Battery Substitute Unit was utilized during the Space Vehicle Plugs Out 
Integrated Test. This unit is used to supply S/C bus internal power in the absence of fuel 
cell operation after the flyaway umbilical has been dropped. 

(c') Protective Pressurization Unit was utilized to maintain a pad pressure on the Service 
Propulsion System (SPS) tanks. This unit was disconnected during the Space Vehicle Plugs 
Out Integrated Test in an attempt to maintain better ground isolation. 

(d) Battery Substitute L T nit was used during the Plugs In Test. This unit was utilized in 
lieu of the S/C entry and post-landing batteries during that test. 

(e) Water/glycol shutoff valve control cable and associated power supply was utilized during 
the Space Vehicle Plugs Out Integrated Test. This requirement exists in order to hold the water/ 
glycol return shutoff valve oren after flyaway umbilical ejection, such that continuous water- 
glycol circulation may be maintained. 

(f) Conditioned air was supplied through the access arm White Room and the open Space- 
craft hatch for the Plugs-In Test, therefore not requiring external oxygen supply. An oxygen 
test set was utilized during the Space Vehicle Plugs Out Integrated Test. Oxygen was supplied 
from two K. bottles through this unit to a facility valve box and then to the Spacecraft. 

(g) GSE access connectors were connected to the Service Module (S/M) during the Plugs- 
In Test to monitor fluid system parameters. They were not required for the Space Vehicle 
Plugs Out Integrated Test. 

(h) Thc ACE carry-on test equipment was utilized during the Plugs-ln Test. This equip- 
ment is located on Level A8 outside the C/M and is connected to the Spacecraft systems 
through cables which run through the hatch and connect to the individual Spacecraft sys- 
tems. This equipment was not required for the Space \ chicle Plugs Out Integrated Test. 

(3) Ground System 

The Spacecraft GSE configuration differences betsveen the Plugs In and Space Vehicle 
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Plugs Out Integrated Test are given in Reference 1-1*9. No significant differences were identified 
beyond those discussed above under the heading, "Spacecraft Interfaces." Data presented in Ref- 
erence 1-22 reflect that no differences existed in the configurations of the ACE and OI& equipment 
relevant to the accident, 
f. Configuration for Altitude Chamber 'Test 

The final run of the Spacecraft 012 Altitude Chamber Test, OCP FO-K.-0034A-1, began at 
6:00 a.m. EST, . on December 29, 1966, in the East Altitude Chamber in the Manned Space- 
craft Operations Building (MSOB). The test was completed at 3:30 a.m. EST, December 30, 

1966. At the time of the Altitude Chamber Test, configuration records reveal that sixty (60) re* \ 

leased EC's had not been accomplished. Test Acceptance Inspection Records reflect that three* j 

hundred-eight (308) work items were open. These records were reviewed to determine configura- 
tion actions accomplished or closed out between the completion of the Altitude Chamber Test and 
the Space Vehicle Plugs Out Integrated Test. Discrepancy Report /Material Review' dispositions j 

were screened to identify c >rrective actions that altered configuration and were accomplished in 
this time period. Configuration differences are summarized as follows: j 

( 1 ) Spacecraft J 

Differences in the spacecraft configuration between the Altitude Chamber Test and the . 

Space Vehicle Plugs Out Integrated 'Test arc presented in Reference l -10. Enclosure 1-8 re- j 

fleets differences in crew equiiment and loose items stowed in C M . Significant differences 4 

were as follows: 1 

(a) Only the inner hatch was installed for the Altitude Chamber Test. Both inner and outer I 

hatches were installed and latched, and BPC hatch was in place but not latched for Space * 

Vehicle Plugs Out Integrated 'l est. j 

(b) Pyrotechnic panel (no. loO) was temporarily installed for Altitude Chamber Test. This i 

panel was removed December 30, 1966, and was temporarily installed prior to the Plugs j 

In Test (OCP FO-K-0006). The panel was not fully installed, being out approximately 5 to j 

6 inches from the lower equipment bay panel line and located on the C M aft bulkhead. 

(c) Carbon dioxide absorber elements of the correct flight configuration (ME 901-0218 
0021) were installed for the Altitude Chamber lest, instead of the non-flight configuration 
for the Space Vehicle Plugs Out Integrated Pest. 

(cl) Command Module interior panel, P \ V16-411802, covering J -box in left-hand low'er 
equipment bay was removed for I)R MR disposition to relieve interference with wire bundle. 

Hie panel was replaced prior to the Space Vehicle Plugs Out Integrated Test. 

( e) Spacecraft oxygen tanks were serviced for the Altitude Chamber Test. 

( f) Hydrogen tanks were pressurized with mitogen during the Altitude Chamber Test. 

(g) Fuel cell battery substitute unit was not connected for Altitude Chamber Test. Space- 
craft was powered by external GSE facility power. 

(h) DC power lnt> voltage monitor recorder was installed for Altitude Chamber Test. 

( i) Additional Velcro was installed after completion of Altitude Chamber l est. 

(j) Noise limiter** were not installed on cobra t aides lor Altitude Chamber l est. 

(k) The gas chromatograph was installed for the Altitude Chamber Tim. 

(l) F he Data Storage Electronics Assemblies (DSKA M were installed in [light configuration 
for Altitude Chamber 'l est . 

(in) The Spacecraft TV camera was on during the Altitude Chamber Test, but not for 
Space Vehicle Plugs Out integrated l est (after crew ingress). 

( n ) I lait'datton and rotation < nntrolln** weic installed to flight < onfigut at ion lor 
Altitude Chamber lest. 

to) Floodlight installation was modified subsequent to Altitude Chamber Pest. 

(p)Crew iqmpnunt stowage was approximately flight configuration tor Altitude Chamber 
Pest. S*v Enclosure l 8 fur d( tailed differences. 

Debris tr.ips were muddied subsequent to Mtitude Chamber lest. 

(D All crew couch ground straps were installed lor Altitude Chamber Pest 

(2) Spacecraft Interface-! 

The Spam rail ground svaem mtritairs cM-turg dumig the \ltimde Chamber Pest are 
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depicted in Enclosure 1-9, Drawing l D-OOMvh. Significant interface differences relative to Space 
Vehicle Plugs Out Integrated Test were; 

(a) During the Altitude Chamber Test, the A 14-(K>2 Launch Vehicle Substitute Ynit was 

* installed. During Space Vehicle Plugs Out Integrated 'Pest, the Command and Service Mod- 

4 ule Spacecraft to Lunar Module Adapter (C!SM SLA) configuration was mechanically and elect- 

rically mated to the LY. The electrical connection to the Instrumentation Unit (IU) was 
through a separation device. 

(b) RCS engine simulators were used for both tests. The X 00-07 a units were used during 
the Altitude Chamber run and the A 1 4 275 units were used for the Space Vehicle Plugs Out 
Integrated. Test. 

(c) The external Digital lest Command System (DTCSC 14-231) is utilized at LC 34 
and is not required in the Altitude Chamber. 

(d) The Fuel Cell Battery Substitute Unit (C14 39f>) was utilized during the Space Vehicle 
Plugs Out Integrated Test. 'Phis unit is used to supply S C. bus internal power after the fly- 
away umbilical has been dropped. 

.c) The Mobile Data Recorder was utilized to record S C DC bus voltages during the 
Altitude Chamber Pest. It was not utilized during the Space Vehicle Plugs Out Integrated 
Test. 

(f) Ihewatei glscol shutoff \al\e t ontiol cable and associated powet supply was utilized (lining 
the Space Vehicle Plugs Out Integrated Pest. Phis requirement exists in order to hold the 
glycol shutoff valve open after flyaway umbilical eject, such that continuous water -glycol cir- 
culation may be maintained. 

<g)The oxygen test set (Z00 02:V40D was used during the Space Vehicle Plugs Out In- 
tegrated Pest. Oxygen was supplied from one “K” bottles through this unit to a facility valve 
box and then to the Spacecraft. During the Altitude Chamber Pest, oxygen was supplied from 
the on hoard tanks, each of which had been loaded with liquid oxvgen (LOX). Oxygen, 
hydrogen, and nitrogen fill, vent, pressurization, and relief lines were connected to the S C 
during Altitude Chamber operation. 

(It) The Protective Pressurization l ’nit (S14 099) was used to maintain a pad pressure on 
the SPS tanks. Phis unit was disconnected during the Space Vehicle Plugs Out Integrated 
'Pest to maintain better ground isolation. 

(i) Fhinng the Space Vehicle Plugs Out Integrated Pest, the Launch Escape System {LKS) 
lower was installed and electrically connected. During the Altitude Chamber Pest, neither 
the LKS tower nor the pvrotcrhnic substitute boxes were installed. 

(j) OSE access connectors were connected to the S M during the Altitude Chamber Test 
and were not connected during the Space Vehicle Plugs (hit Integrate l lest 

(k) Pile access \nn White Room was mated to the S C during the Space Vehicle Plugs 
Out Integrated Pest Phis configuration docs not exist in the Altitude Chamber 

ll) Air was being supplied to a CM access port to maintain a low humidity condition 
in the space between the C M pressure vessel and heat shield during the Space Vehicle Plugs 
Out Integrated lest 
i'A) ('.round Svstem 

Configuration of the Spacecraft ( ISP. at the time of the Altitude Chamber Pest is defined 
in Reference 1 IT Configurations of the supporting facilities together with the CSE are shown 
schematically in Enclosure IT Drawing 1 l) OOfib b. Remote monitoring and control equipment 
configuration' are described in Reference l 22 Significant differences in the ground sxslem config- 
uration relate duectlv to the interface diffei races discussed previously; therefore, further discussions 
are not provided. 

g Spacecraft tHW l est Configuration 

Fhr Spacecraft 00K l hernial Vacuum l est No \\ was conducted at the Space Environmental 
Simulation Laboratory (SEND. MSC, from ( V tuber 2b. lbbb through November 1, l%b Phe con 
figuration for this test was selected for comparison with the configuration of S C 012 at the time 
of the accident A special computer tabulation was obtained to (oiupirr the configuration vrrifi 
cation mortis of the two Spat retail Copies of the S C (>0K test irports and uippotting data were 
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obtained. These data were reviewed and a summary report was prepared (Reference 1-24). Sig- 

nif icant extracts from the summary report arc: . . u . 

(1) Spacecraft 008 wire harnesses did not have the modification kit (Teflon wrapping) mstalled 
which provides additional protection to crew compartment wiring. A specia pa pro 

1118 °(2) tatcrafflm ha^Uoll S^hat was not in S/C 012 to implement limited remote 
cont o during unmanned altitude chamber tests. Additional wiring for. test tnstrumenta on vw* 
ins alled in S /C. 008 The right-hand C/M window of S/C 008 was utilized for an umb.hcal 

fiulkkiad pc„c„a,,o„ lo bring uru rhe addU.oual control circuit - 
P (31 Command Module floodlights of. improved configuration were employed on S/C 1 ' 
008 'S£T« configttralioii for all thermal vacuum testing. The ptovmuns fat ^ 
Td 1,'s were established a t^uieemem feon, the SCO.® tests and tusta led on MCOli 
but the portable lights were not aboard for Space Vehicle Plugs Out integrated 1 est. 

( 4) Noise filter adapters for the crewman umbilical electrical cables were not uuhzcd on S.C 

and signal conditioners for test monitoring were not flight 
OUaltd ttrutuem. in all cases, but had been tested to the actual test — . Htgiu tn- 

strumentation was installed on S C. 012. . * T . on the 

(6) Design modifications were incorporated in the Environmental Control L nit (W.U on 

8/C 012 unit as compared to the S C 008 ECU. ()l2 had pro- 

(7) A production prototype mission events sequencer was ustd on S C 

ductiou sequencers that were flight qualified. 

(81 Crew couches were modified for the long duration of thermal vacuum tes on S. C. m 
Crew compartment stowage and special Teflon covered Sarfoam pads on the aft bulkhead 
used on S P C 008 differing from the S C. 012 flight configuration, lhe crew compartment hat 
S C 1)08 thermal vacuum test run No. 3 had the airlock incorporated for scientific experiments, 
r covering ws used extensively o„ ihe uf, bulkhead .cover, ng .he 

special Loan, pad, and couches .luring d.e Spacecraft «0» This is . f.K- «»' ma.mal. 
Mso fire extinguishers were available inside the crew compartment during the 8, (. 008 Us.. 

( !oi A large number of differences existed in the OSE and supporting facilities. These differ- 

cnees were not significant to the Spacecraft 012 accident. 


D. FINDINGS AND DETERMINATIONS 


Review of data presetted in thK rcpoit results in summary findings and determinations as follows: 

1 ‘ One’ hundred and sixtv-four (1041 Engineering Orders (IXVs) were not accomplished at the time 
So iceeraft 012 was Reived at KSC. Six hundred and twenty-three (0231 IX Vs were released subsegu , 
‘ to receipt .it KSC Of these, twenty two (22) were recent releases which were not recorded 
figuration records at KSC. at the time of the accident. 

I ’ 1 ' rmuiluta' e, Sneer, „« change, i„.i.e,„e progrc.vr develop, „e,« of ,l,e Spacecraft configurate, 
Ihrougt, the ,i„,e of ,!„• Space Vehule Plug, <>,„ Integrated Tct. A, the tune of ,hc tor. t,e „m 
figuration could not have been complete with respect to the launch eonfigui.iuons. 

‘ ^n^nvf’uired Space Vehicle Plugs Out Integrated T est configuration was not explt, »th •leline.l b* 

engineering or IMmdinn „f .«.«»«< <»■ " 

set up and controls conhgur.it ions specified in OCl’ l O K tH)21 1 

ex|.l,„l defim, rim of Spacecraft leu e.ft.bgura,,,,,, ,e,,,„ren,™„ .*»;! *“* 

defrnllt L ,cl ..inure' "P'"‘ thi ' ,W U k 
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explicit design definition o t the required test configuration precluded complete assessment of adverse 
configuration aspects as constraints to the test. 

3. FINDING 

Eighty. (80) EO’s effective on S/C 012 were not accomplished at the. time of the accident. Of these, 
twenty (20) were specified to be accomplished subsequent to the Space Vehicle Plugs Out Integrated . 
Test. Four (4) of the open EO’s were of a nature not affecting configuration. Three hundred and- 
eighty-four (384) Parts Installation and Removal Records (PI RR’s) and Temporary Installation Records 
(TIR’s) were open, of which one hundred and twenty-five (125) were in compliance with requirements 
of the test documentation. 

DETERMINATION 

It is concluded that test requirements had no defined relationship to the open status of fifty-six 
(56) EO‘s and two hundred and fifty-nine (259) PIRR's/TIR's. It is the opinion of this Panel that 
all work items and EO's were not closed because of late receipt of changes or further work scheduled 
to be accomplished prior to launch. 

4. FINDING 

Items were placed on board the Spacecraft during preparation for the Space Vehicle Plugs Out 
Integrated Test which were not documented by quality inspection records. 

DETERMINATION 

Procedures for controlling entry of items into the Spacecraft were not strictly enforced. 
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SPACECRAFT 012 CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION 


The attached table lists by orea the configuration of stowage items and other loose equipment for 
the Spacecraft 012 Crew Compartment. This information is given for the planned launch, Operational 
Checkout Procedure (OCP) K-0Q34A- 1- Manned Altitude Chamber Test, and OCP K-0021- 1- Plugs- Out 
Test. 


The data for planned launch was taken from the Spacecraft 012 Operational and Experimental 
GF E/CFG Stowage List. Data for OOP’s K-0034A-1 and K-0021- 1 were derived from the applicable 
Test Preparation Sheets, Part Installation or Removal Records, Temporary Installation Records, Stowage 
OOP's and interviews of ground and flight crew support personnel. In the case of OCP K-0021* 1 some 
data was also derived from physica! inspections of the spacecraft after the incident. 

The data includes all items loose in the crew comportment, installed in stowage containers, car- 
ried on the flight crew’s persons, or items subject to removal displacement by the flight crew. It further 
includes all non -flight materials known to be on board the spacecraft. All items are listed under their 
normal launch stowage locations, except that non -flight items are listed where actually stowed for the 
test. Items stowed in other than normal launch locations or in other than normal launch conditions are 
identified by notes in the “REMARKS’ 1 column. 

The “STOWAGE ITEM NUMBER” is a cross index to the Spacecraft 012 Operational and Experi- 
mental GFE CFE Stowage List. 
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION 
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EC >'00 1 

Dew pt Hygrometer Sensor 

j *6 

-T to wed on F.oor oF nr* a 
M* ir, LEB For 00. . -1 

Of 


1 


EC 3000h 

Censor Cable 

C30 

•(sar.f' as alove' 

67 


l 

l 

ECv\)0- 

Co : : t ro 1 On it 

0*+ c 

“(sane ar a o\ e ' 

67 



I 

SEB 111 0001 o-. . . 

Co 1 1 1 ro 1 Pvrr Cab ie 

ou: 

-(:ane as above) 

67 



l 

sdc : 8300001 

0 'top us Cable 

* 1 3 

-In. tailed aororr LFc 

6 



> 

VI 6- 601 1 ‘*0-11 

Tee Handle 

80;C 


c t 


. 

. 


Roll Tape 

o* ? 


6 • 


- 

_ 

V16-60I 0 

Co n t a i :u. r ( Too d 0 1 r g S up p 1 

K: 


t • 


. 

• 

i^-OL 1 ; 

Food Cot 

0. r 

- 1 r.a:*-r.ea.» ;ood stowed 








in special container or. 
00; “A- 1 

6-. 




CEB;0 0007’ -. 0 

Pin t *. o hag 

0-r 


6* 



. 

Ai'Oo-ooo 

tag 

O.'O 


0- 




A. 007- 000 

In Fit Covers 1 Is (, ! ae,.et) 

0. 1 


6“ 



. 

A. 006-000 

In Fit CoveraLls (pants) 

,V1 


A . 

. 

. 


MEyOl-0 v 

Snr.dtT * (; pr) 

bo- 






MEoOl-03' S«00'’ 

bal'd a'. c (* prl 

8o r . 






ME -0} ‘ * JO; 

Cm, dais (; pr) 

So*. 


£ . 


; 


MEOOl-O; '’-00.' * 

Panda'.. (; pr) 

80- 




I 


MEOOL-O; „-0O.j 

Cm. dal =■ 

80 f ' 


. 




CEB ijlOOOT—. 0* 

PI nr tie hag 

06l 






CDF JOovi 

Com at', dorr C he o k 1 1 r- 1 

OllTi 


t . 




f-DB ;■;! 000**0 

Flight Flan 

01. z 


* > L 

L 

1 


VU'-'* 0, *U 

Container Fit Data File 

b ‘i o 




1 


vic-bOi ; >.0-1, i 

Tee Handle 

bO;C 




. 


716-601'- * 

Noire bird ter Adapter Cnhl 

i-. 


f8 

left 


l 

VlO-60l001-fl,-M, 

Unbi lioal Assy 

877 


t'b 



v 

• ) 1 

0 Hose Inlet No ; 1 e 

-Ob 

-On umbilical:* 

6b 



3 

-.'36 

X Hose Exha art Nozzle 

- 10 

- On urab i li e a 1 s 

68 

6b 


i 

1 

V16-601C6 3*** i 
Vl‘j-601 Ob '• 1 

Cobra Cable 
Cobra Cable 

878 


6b 




v:.b-6oi vie 

T- Adapter Fleet 

1000 

- Center Crewman col ra 







cal le ONLY Or. W 1-1 

oc 




ME < J - 0 . V- \ . 

Li V ’art ridge ■ 

-68 

-Ea.h nur.borr -AVI 








in rt ailed For 00 1-1. 
t;n> Flight da::, corner 

t ■ 

- 

- 


:;or.-: light 

C-CK r 


- >. all ? ^ r.bll 1 Vi . : . 
Made ol nylon. Fad. :.ad 


"RQTtDVe fccFon’ fdg - 


1 
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LOWER EQUIPMENT BAY 



CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION 


MU fO>w \ Ul (>» St kot > 


STOWAGE 

AREA 

ty 

PART NUMBER 

NOMENCLATURE 

STOWAGE 

ITEM 

NUMBER 

REMARKS 

PLAC'D 

LAUNCH 

OCF K- 
003 UA -1 

OCP K- 
0021-1 


1 

1 


20 * 26 v i 

G&N Long Eyepiece SC? 

019 



* 


1 

201 eri? 

G&i: OCT Eyepiece 

016 





1 

101 30]0 

SCT Prism Housing 

01 6 a 


l 

1 


1 

2012700 

G&N SXT Eyepiece 

017 


1 



i 

201 2*399 

2XT Mirror Housing 

017A 


eJ*. 

1 


1 

SBB23l0006^-.:0’: 

G&K Optics Cover SXT 

OS A 


R 

1 


! 

SEB33100O7:-- Ol 

G&r: Optics Cover SCT 

03 5 

►Found on aft bulkhead 








after 0021-1 



. 

_ 

v i6-6oi * :8 

Food Container "A" 

6l-t 




_ 

. 

V 16 - 601 - 16 

Food Container "B" 

81.6 




- 

. 

VI 6-601 •> 17 

Food Container ”C" 

615 


6 



. 

V 16 - 60 :' i- 

Food Container "E M 

618 


7 


. 

• 

V 16-601 vl‘„ 

Food Container ’E" 

817 


8 


1 

. 

SEB ’ 31000 31-201 

Ring Sight 

008 





i 

-EB^IOOOi 1-207/. oc 

1.6 MM Sea Cam with Film 

001 

•Stowed on floor of area 








8?, LEB for 0021-1 

8? 



1 

SEB331 00026-201 

lo MM Power Cable 

00 

•Stowed on f.oor of area 








8z, LEB 

He 

\ 

1 


SEB 331 0002 j - 201 

l&MM Lenc 

003 

A 

az 


1 


SEB 3 ol 000* - ^ - 001 

MM Lens 

202 


feE 

1 



SEB 3^1 000; 0. 

•00 MM Lens 

oou 


bF 

t 

L 


SEBj:1000‘ l-.'O: 

Mirror Mtg Bracket 

037 


bo 

.. 

) 


SEBi^lOOO;. -OOo 

]6 MM Maga .:ir.e 

002 

•1 stowed in area 








crew couch, on OO^a-l 

HM 


\ 


seb^iooo; 01 

10 MM Camera 

006 


HI 




SEB 3 : 100032-001 

r‘-0 MM Lens 

009 


faj 


- 


SEB^nOOO^O-jOl , 

70 MM Magarine 

212 






-:o. , -wo- 




8K 


i 


SEB.J '100027-201 

Exp Dial 

Oil 


bL | 

; 

> 


SEB:31000r8-201 

Spotmeter 

OlO 


hm 1 

1 

I 


EC '01 r ;A 

Vascular Support 

a r ; 


br; : 

\ 

1 


SEB12100037-.01 

Binoculars 

036 


8ii 

\ 

i 


Vl6-7 1 '2031 

Foam Cushion 

101s 


8r; 

i 

] 


Vi6-7:>°0s8-’*l 

Foam Cushion 

1016 


tir; 

1 ! 

: 


Vi6-7‘,3UO 

Foam Separator 

1016 A 


8ii 

1 

1 


SEB 3 31000 ^ 0-201 

Filter (or. camera) 

O c *3 


ez 


.. 

1 

Won- Flight 

Plastic Dust Cap 


-On gas chronatograph pyre 








connector 

8. 


i 



Gas Chromatograph 


•Not installed on 002 1-1 

9 


1 

- 

V 16 - 3 3^iiT 

Crew Fit Data File Cont. 

839 
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LOWER EQUIPMENT BAY (CONT.) 



CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION 


NSC FORM ! > ? * <m*R * M < 0 T > 


hat;:.-*) ocr' k- ocp k- part jrjtfK-R 
lal:. h oo3 l| A-i oo ? i - i 


SDB331000U*+ 

SDB331000U6 


SDB331000^T 

SDB331000US 

SDB331 000^6 

SDB33100 0-: 
Vl6-60L12 r ; 
Vl6-601lM-«-i 
V16-601L8Q 
V16-601 ^10-21 
V16-6011 <1—11 
Vl6-60l48l-ll 
V 16-6 011^;- 11 
•VI 6-601 400 
Vi6-601lfcl-ll 
VI 6-601 

SEB1 210004?-, j; 

EX7';0 : 6 

EX7?03T 

SEB331000 <0-2 Ji, 

-202 or-G- 

SEB3310002?-. 

SD511076 

SEBU210000U-201 

IU-IU9 

U-O207 

! .-0 Oy 

Vl6-60lU21-L01 
V16-601526-U 
14-0112 
Non- flight 

Non-flight 


NOMENCIjATUHE 



Landmark Maps 
S/C Sys Data 


Exper Checklist ‘ 

Star Chart 
Orbital Map 
navigation Checklist 
Tbol Work she If Dwr 
Tool “A" 

Tbul "E" 

Tool H F M 
Tool "H" 

Tool "J M 
Tool M L" 

Tether 

bwr Assy with Work she if 

Work /Food Shelf 

Inspection Mirror 

Goggles 

Mouthpiece 

70 MM Magarlne 

io MM Magazine 
MDAS 

Physiological Monitoring Kit 
UCD Clamo 
Urine Receptacle 
Urine Filter Assy 
Receptacle Assy Relief Tube 
Wrapper Assy Relief Tube 
Towels (Dry Utility) 
Mounting Hardware for 
Panel 150 
White Room Tape 


•One document found on 
center couch, on on RH 
girth shelf* area 
after 0021-1 


•In plastic bag taped to 
panel 

•Over open ACE connectors | 
on ]l* panels & over entry 
battery terminals 
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RIGHT HAND EQUIPMENT BAY 



CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION 


i-.WAv-.yl 

. . t . ru\K:. ,- o oor k- oor k- 

#VK ‘ A u\\*< H ‘V' ft A- 1 OO-id 


PAKt* 


VM'-M t 

MKl'J. -00 '• >-0001 
MW K l-0 ( * •i-.W'* 
MV' *> '-0001- XV. 
Mf -0< 

KVft- 

i'KlW* -OOdll-. 01 
WKiO*. 1000 1. -.01 

i ■tnl’.'l' 

SKU.v; .Kvi't-.o: 

i'.KW*. 1000 1 01 

10000 -.01 
V l t'-t'l l.M 
KA 1 

Vit'-KM-M-lOl 
V l t'-oOV W*- 1 1 
MK oM- 0001 -0001 
MV>*01 -Of **-0001 
. vU'-noi-*w- ; 

l !»*0l 1 
Vlt'-Kl. d* 

mkh.'-ooi i- voi 

MVMOl-Of \<-0001 

MX v> *-0001 -0001 

Mr o * 

VH'-l'Ol *• 
Vlo-t'Ol v l' 

V . '-t-OI.V 


VW'-hOl l l.'-*’Ol 
VU'-t'Ol 1 1 . -*'vM 
V 1 tM’Ol 11. * '01 
V 10-60 141‘J-l 1 
VK'-t.Ol '7M-U 

MV' vH-OOOl -0001 

MV* >01 - Of* th-0001 


NOM v NOlJVrOUr' 

t 

Viunmn 0 loaner OoKpartinent 
Vfu'inan PI nr Kef i*tow HntfAi'y 
Vacuum Olnr 1 i 1'tv^ 

V’ecnl Outer I'n^r 

ViUHUtt". 01 nr Omnicide IV;. ! 

H«‘ 1‘iuul 

Medical Aivos.tu'r lei. Ktt iVn 
Hio In. t runout at Ion A*Y KM 
Kleotivder. 

MicroPro 0. :• K> 

Wet W 1 |h* IVive i ;• 

Pn.-te 

:Uemu Oeal Pl:k 

Hi,' inrt r iUown^t' nix* 

Vacuum 0 leaner No ;*.*!*' 

Nr phe 1 ome t o r ( Ae iv> no 1 Par t ’ v 
: nm lint Ion Supply An ay 
Iuikm* Keen l hn^ 

Otennlcldo TVuch 
Outer Keen! hay. 

Out or no Hand 
pry in 1 1 1 1 y TV' wo 1 n 
Vacuum 01 n Hot* i'tvw A.’; 
Vacuum 01 nr l>bri:’- Pa^ 
V'ecni Outer Ha*?. 

Vftotuw 01 nr p.emlclde tvuc! 
Tie Hand 

Elect Adaptor;:, PM rep 
Ad a p tor- CW O.-KUvt 
CVibra Oftblo 


Panltatldn r'uppMes fompt. 
Kix Han i * up Storntfe A 
1V>\ Ohm Pup Storage P 
JVx Pan 1-up morale 0 
Pant tat Ion Supply A*»s.y 
Inner Fecal 
dermic Ule Hmch 
Outer Fecal bn* 


PIVwAP.K 

i yyy. ! 

Nl 'MUThI 


00 sK 
1' < 

i e 1 001 

An 

At IA 

tMU» 

t'tlO 

Pi IP 

Otl 

tUii 

P v‘iA 


• On 0001 -l, Kith npnren 
re n wed from « towage by | 
crew. K>th t'ound on an*.*h 
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RIGHT HAND EQUIPMENT BAY(CON'T) 



CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION 


I'H 


>VpO\ AO' ' 




; ivw-v,: 

AKi’A 

PI ANNP M 
UAl ,OM 

vVP K- 
'0 v'. 1 

OOP K- 
.V ’l-l 

PAhl' NPV*-! l \ 

NOKPNPIA’.VKP 

1 1’KM 
W 'MTVP 






Outon Tin P- n n»l 

81U> 


/ 

/ 

_ 

VU'-txMlOO-M 

Oovn v 

810 

“*»x 

\ 

\ 

_ 

VW'-'nM WV-M 

Povo r 

80 

• •*, 

\ 


- 

VU-tVlM‘> 

Aux KoM Pomp KHK’* 

81 * 

7' 

\ 

\ 


VU>-<xM wi 

Orow Kit Drttn FUo OontMno 

* 840 

"•?A 

\ 

\ 


SDH* MO.V/.l 

:>ys Kn*t Oh’’okU;»t 

0100 

'’VH 

\ 

l 



Lo* & D. t* 

0 l OK 

>A 



1 

U;0-<nO-10 

POP A l Vo loo Kooo\\lor> 



1 l 




Pi»KA A*lnpt^r r.«Mr 
Pvmt On pi 


-Kinml on lil mul orntnr 
oouohoji nftov CkVl-l. 

-ln,ntiiUo4 In ftlttirr.Hto 
p\Mtlon - Prlximry 
InMnllnt Ion p vilt ton- 
tupoil with "IVMt Tnp-»" 
on i\Vl -1 . 

-Nv't oonnoottM on ''OOl-l 

-On pyro niv.1 oltvult 
\ nt ormpt ot* oonntvt orn 
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m p *v 



FORWARD BULKHEAD, SIDEWALL 
AND HATCH 


cT > 



IT ! 


IW£R £ KUn\AR0 

1 IUUMUAD 

Sv I ifH' 


CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION 


STOWAO.P 

AREA 


Vl'AN I’ ! ^ 


PLANNED OOP K- OOP K- 
IAUNPH 00 l4A- 1 oO'l-l 




pou ,*>uon 
pom>n.o;-i 

ton *8 *- i 


\no>-r>oi3'n-ioi 

ski^oiooou-.vi 

SET^DlCWlO-rOl 

pos *8 

SF.NVKXXVl-OOl 

HEWiOKVOot.AV 

i^KPUOlCVWl-003 

GmOKVOAVVl 

?s88rl8 

pr^SOSO 

SEPUOUXWii-nM 

SEt^OkVOOl..Vl 

^NiOnwn-,vi 

rai^oioooip-poi 

gf.N*ou\\vp-;vi 

SmPUVVhp.pOl 

i^fiouvo^-roi 

iTSHUOK\Vy ; -.Vl 

p8i sr*\n 

ME?8i-l\V 1-AYI 
VU-oOi VP-101 
OFl^OKWl -A'i 

nKi^ouxvi* ..vi 


T,HPKV--toor*o 

Pte * r Ponper? . 

Gl ior* Hard;..' 

Id 

lotv Hhrd’.oLt 

IP’ Hot iVr.* 

M*in: 

/K toj.i 1 EyoroMof op -o 

;« i 


Motorlry vn* 

• ■r VI rpor.ro r 

KHKFP-:'!o*. 

Aron - 

:V. rv i vn 1 

Kits 

t’.ir * h i ft* r Mirvlvftl K* ♦ A 

H\i •KhO' , H tii 1 *. 

; 

lAi ’kfte *K 


Pori in** : or 

rtirvlvml Ar«\ 

ivsalfor Ki ♦ 

:*! lor, 

>'R«ltor Kit 

Pro.*»»n.«v Ife.. 

'V'Pilii KI* 


;Vi <-lnr.r.o:; 


lfr\,l 1 o- ’vn *ot 

A#?v 

IfcdtoMtra *ot 

;tpnrf' !«i*^or\ 

Itedlo Mt'R N't 

kl !■ Am;. 

Nh »'* r 


Ml *!;r*«r 

Hit -Rr>® . k K ?*’. 


ft. Hsu .'V. 


V*i* or O't ♦» It nr 

Ufctor V:.t* 

r or 

Wh* or 


VH*f*r Por t * 

’ or :** 'pporr. 

Mod l Hi M * 


Kt l lor o. 

On! 

;V» m*i'r !\ 

rrp 

Vr t« ; : or :V 

r'.i vn! M* ’ 

H; * H r»A 'K V 

< 

H. !**n -V 




OO.'l-l . 
.\’Vrn’<1 


M to Loro ot 

Mono rot it>* 

I \ plnsM •• 1 «k 
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w-.S„ 


CREW COUCHES 


CREW COUCHES GIRTH SHELF 




□A U 1 


rrfBP W 'ft 


f\ U ' 67'? 


CREW COMPARTMENT STOWAGE AND LOOSE.EQUIPMENT CONFIGURATION 


pr/r;:; v 'o| ocr- k- 



part Mr^: 


V16-601472-T 
V16-601472-1 
V16-601UTa>1 
Vl6- 60147.'*- 1 
V16-60 1472-1 

vi 6 - 6 oiut >2 

VI 6-601472- : 
V 16-601 47 2 -V 
v 16 - 601472 -; 

Vl6-60l4Q4 

Vl6-60L49 C - 

Vl6-60l4o6-l 

vi6-6oi4u6-; 

ME 90 ; -or r /7“’ 

ME 901 - 02 VT-I 

metoi-ojvt- 

Hon-fUght 


2tor.-r Light 
Non-flight 
Non-flight 


v;6-'.v.T‘«o-a‘ 
lion- II lght 


RMK-lOOA 

Vl 6 . 08 orOTf .21 

vi 6-000207- 11 

EC: 320 3 
EC J3203 ^ 

V16-3 

Vl6-3JU6o 

Vl6-S3U)>>-». 

SEB33L00O21-2C7T/2 


K 0 MEKCLA 1 UHK 

Couch Pad Assy 

Couch Pad Assy 

Couch Pad Assy 

Couch Pad Assy 

Couch Pad Assy 

Couch Pad Assy 

Couch Pad Assy 

Couch Pad Assy 

Couch Pad* Assy 

Wire Fun Cover 

Wire Run Cover 

Wire Run Cover 

Wire Run Cover 

Restraint Accy 

Restraint Assy 

Restraint Assy 

OCP K* 0021*1 Checklist 


OCP K-0021-1 Checklist 
OCP K- 0021-1 Checklist 
MaU unction Procedures 

Dccianc-'t 

Am Rest, .crew couch 
Tubular Cover 

Rotational Controller 
j&ncrgcncy Medical Kit 

Translation Oont. Mtg Bkt 
Translation Oont. Adapter 
Translation Controller 
Ttuue Dispenser 
. saue Dispenser 
TV Camera Mtg Bkt 
1 6 m C sacra Mtg Bkt 
Arr Wat 1 Crew (touch 

\ 16 tM Se* (towra 


STOWAGE 

ITEM 

NlfMRKP 


remark* 


-Found on IM couch after 
0021-1 - Multilith 
process Paper 
-Multilith process paper 
-Moltiltth process paper 
-Zerox and Bruning pro- 
cess paper in aaniis 
folder , 

-On rotational hand con- 
troller harness 

-Container only stowed on 
0021-1 


1- Stowed on floor of area 

fc in LEP for 

v)k»utad wgMlrt! *>r OOM -1 
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yVv NHTY 

PtANNFD OOP K- I OCR K-] 
LAUNCH 00 34 A- 1 


PAHT NUMBER 


SEB.SilOOO' A-P01 
SEB j 3 1 OOO 1 *6- PO 1 
SEB33100030-P01, 
-roc or -CO 5 
CEBiilOOutj upo^ 
CEB^iLOOO 0-. 0 

vn>-?M»r-. < 

SEBjUlOOO- 0-. 01 
EL <oi70 

MEPtfO- 0008-0001 

vi6-6or>oi-i 1 

V 10-771 }''$ 

V! o-:».’03‘* : * 
VLO-7V0BU 
V1o-S317 ! '0-. 

ffcr.-i'l ight 

Non-flight 


NOMENCIATURE 


( 0 MM fuper Wide Angle Cam 
•• MM Lens, 16MM Camera 
70 MM F i lir. Magazine 

Interference Filter 
Filter 

Vol "G" Foan Cushion 
Hare Filter (on camera) 
GoggUs Assy 

Sensor Unit-Temp Evaporate r 
TViol "F" Handle Ext. 

Flood! ight 

FLoodlight Cable 
Carera Brkt (‘‘OSl) 

Aim Ro.-t, Crew Couch 
Rotational Controller 
Dust Cap 

Foan Rubber Pads 


STOWAGE 
' ITEM 
NUMBER 


048 

OV) 

PIC 


■i lavage sly 
1 0 r OOP l - i 


-Plastic - on SOS 'usictl: 
box connector 
-Co ve re i wit h ve 1 os tat , 
clean room tape, liHd 
over r-P struts 
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CARRIED ON CREWMEN 


CREW compartment stowage and loose equipment configuration 


I aw * c ** ’< 0 ■ 


1 

A 1 

*uv:v-:' 

OOP K- 

OOP K- 
00 ’! - i 

i 

.A' • ’! 
3 

3 

3 


3 

3 

3 


15 

l‘> 

l f > 


3 

3 

3 


a 

3 

3 


3 

< 

3 


3 

7 

3 


a 

3 

7 


1 

1 

1 


3 

3 

3 


7 

3 

3 


6 

6 

6 


6 

6 

6 


1 

1 

1 


? 

2 

2 


3 pr 

3 pr 

3 pr 


a pt* 

3 pr 

3 pr 


7 

3 

3 


3 

3 

3 


3 P r 

3 pr | 

3 pr 


3 pr 

3 pr 

3 pr 


1 

1 

1 


3 

3 

3 



_ 

1 


_ 

3 

3 


3 

3 



PAST NW.'^FK 


A 1936-030 
A 1912-003 
RFB-0P-4-3-002 
EC 30115 
SEB12100033-201 
SEB1 2100034-201 
SEB40100095-201 
14-010* 

RFB-OP-4-3-OC3 
SEB1 2100029-001 
SEB1 2100030-201 
SEB1 2100031-001 
SEB1 2100032-20 2 
CSD 20542 
EC 301°0 


A-1901-001 
A-l 90 2-001 
,EC 30045 

Non-f light 
Non-flight 


NOTC*.Ne!.ATURK 


Pressure Garment Assembly 

Constant Wear Garment 

Passive Dosimeter 

Penlights 

Sunglasses 

Sunglass Puch 

Life Vest 

Urine Collection Device 

Pocket Dosimeter 

Chronograph 

Watchband 

Marking Pen 

Mechanical Pencil 

Scissors 

Scissors 

Glove Inserts 

Wrist Dame 

Neck Vent Dams 

Neck Dams 

Heel Plates 

Sole Plates 

Shroud Cutters- 

Combination Knife 

Ratchet Wrench 

Personal Watchband 

Bioinstrunentation System 


-1 per crewnan 

-1 per crewnan 

-5 per crewman 

-1 per crewnan 

-1 per crewnan 

-1 per crewnan 

-1 per crewman 

-1 per crewnan 

-On Senior Pilot 

-1 per crewnan 

-1 per crewman 

-2- pe** crewman 

-2 per crewman 

-On Command Pilot 

-On Senior Pilot and Pilot 

-1 pair per crewman 

-1 pair per crewnan 

-1 per crewnan 

-1 per crewnan 

*1 pair per crewnan 

-1 pair per crewnan 

-On Senior Pilot 

-1 per crewman 

-On Ccftmand Pilot 

-1 per crewnan . 

-1 per crewman 
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SPACECRAFT GSE INTERFACE DRAWINGS 


ATTACHMENTS: 
Drawing No . 
l-D-0056-1 
l-D-0056-2 
l-D-0056-3 

l-D-00 56-1 

l-D-0056-5 
1-D-00 56-6 
l-D-0056-7 
l-D-0056-8 

1 -D-0056-9 
l-D-0060 

l-D-0062 


Title 

SC GSE Status During T-10 Hold - 0021 

SC GSE Configuration During T-10 Hold - 0007. 

SC Range Launch Vehicle Interfaces T-10 - 0021 
(2 sheets) 

SC GSE Configuration During T-10 Hold - 0021 
Electrical 

I'C-34 EPS GSE Electrical (General) 

Altitude Chamber SC GSE Configuration - 0034A 
LC-34 ECS Airduct 

SC GSE. Configuration During T-10 Hold - 0021 
Mechanical 

LC-34 ECS Water Glycol/ Oxygen GSE 

ACE-S C Uplink (Command) Configuration T-10 
Minutes OCP-K-0021 (Sheet 1 of 2) 

ACE-S C Downlink (Monitor) Configuration T-10 
Minutes 0CP-K-0021 (Sheet 2 of 2) 

AS-204 Astro Comm Circuits 




SPACECRAFT ANT) GROUND SUPPORT EQUIPMENT 


CONFIGURATION DURING T-10 HOLD 


ELECTRICAL POWER STATUS 


MAIN BUSS POWER 


EXTERNAL 


BATTERY BUSSES 


ENTRY BATTERIES 


BATTERY RELAY BUSS EXTERNAL 


PYROTECHNIC BUSSES 


ARMED 


LOGIC BUSSES 


ARMED 


EMERGENCY DETECTION SYSTEM BUSSES ARMED 

SERVICE MODULE JETTISON CONTROLLERS OPEN CIRCUIT TO 


SM BATTERIES 


NON-FLIGHT CONDITIONS 


CONDITIONED AIR WAS BEING BLOWN INTO COMMAND MODULE BASE AREA 


CRYOGENIC TANKS EMPTY 


NO PROPELLANTS, HELIUM, OR NITROGEN ON BOARD 

WATER GLYCOL RETURN SHUT OFF VALVE (SM) HELD OPEN BY EXTERNAL 


POWER 


PYROS SHORTED, CONNECTORS TIED BACK 


COMMAND 


MODULE OXYGEN SUPPLIED THROUGH ONE UMBILICAL LINE 


l-D-0056-1 


% 


/ 



CONFIGURATION DURING T-10 OCP0007 







|l 
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RF/ AUDIO INTERFACES 
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ECS WATER GLYCOL GSE 
OXYGEN GSE 



SCt ti.re»t Srt'TM 



comm circuits 











E. SUPPORTING DATA 


LIST OF REFERENCES 

The following documents are referenced in this report and are available irom the Apollo 204 Review 
Board, General File. 

Number Reference 

1-1 '’Spacecraft 012 Configuration Index", Jan. 29, 19(i7, North American Aviation, Inc. 

Process Data Report \o. 1*487-16; Panel 1 Reference No. MViHXMi 

1*2 ’’Spacecraft 012 Indentured Parts List", Jan. 28, 1067, North American Av.ation, Inc. 

Process Data Report No. 1*487-14; Panel 1 Reference No. 1-1) -0007. . 

1 Apollo Interface Document, .Instrument l nit to Spacecraft Physical Requnc nents", 
Saturn Apollo Mechanical Integration Pane!, ICI) 13 M 20108. Rmcl 1 Reference No. 
1-0*0097. 

1-4 "Interface Control Document Definition ui Saturn SV204. and Apollo S C 012 Licet - 

ric.al Interface", Apollo Saturn Electrical Panel, ICD 40 M 37508A; Panel 1 Reference 
No. 1-1)00%. 

1-5 "Launch Complex 84 Checklist, K» K. 10, )H". Oct. Jo. I9(>fu North American Avia- 

tion. Inc.. (Panel 7 Data). 

l-<> “G.SE Functional Integrated System Schem.Oo. Sp,.<Tfraft 012 8- 014. LTR LCMM'N 

North American Aviation. Inc. Document No. ( i 1 1-90091 2; Panel 1 Reference No. 1 
D-0094. 

1-7 "Launch Countdown. Preliminary Review Document. VO K-0007'N fan. 17, 1967, 

North American Aviation, Inc., Panel 1 Reference No. 1 D O) on. 

1*8 "Inter-Center Interlace Control Document Fog , Mond;l\ Publication. Marshall Space 

Flight Center, NASA; Panel l Reference V l 1) 0102. 

1*9 "Space Vehicle Plugs Out Integrated Test, FOR 0021 L*. Jan. 23, 1%7, North Am- 

erican Aviation, Inc.; (Panel 7 Data) 

1-10 "Summary of Spacccralt Conhgurnu.ui Differences Apollo 204 Review Board. Spacecraft 
and GSE Configuration, Panel 1 Reference No 1 IMN198. 

I ll "Spacecraft 012 Configuration Vciificawou Record (C\ R» January 28. 1007. North 

American Aviation. Inc., Honda: Facility CVR. panel l Reference No. I 1)002. 

1*12 “List of EON Partially Accomplished spacecraft 012 at Tunc of Accident". Panel 1 
Reference No 1 D-0020 

1-13 “EON Outstanding Against S C 012 Not m Florida Fanlitv CVR Tab Run". Panel 

I Reference No. 1 I) 0024 

1 14 "Spacecraft 012 lest ami \ccepiin*r Inqw.ii, in Report TUP k Panel f» Data) 
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1-15 "Spacecraft 012 Controls Configuration”, Panel 1 Reference No. l-D-0058. 

1-16 ."Comparison of n/ C 012 Operational and Experimental GFE/CFE Stowed Equipment 
for K-0034A-1 and K-0021-1, Letter from CF22/Team Leader, Apollo 204, to Chair- 
man, Panel 1, February 21, 1967. Panel 1 Reference No. l-D-0099. 

1-17 “Items on. Crew at Ingress", R. A. Mitchell. February 6, 1967, Panel 1. Reference No. 
l-D-011. 

1-18 "Initial Report on S/C Configuration"., February l, 1967, by W. F. Edson and C. D. 
Gay; Panel 1 Reference No. l-D-0003. 

1-19 "S/C/GSE Configuration Comparison", Panel 1 Reference No. l-D-0093. 

1-20 "Support Operations Investigation. AS-204 Incident, Panel No. 1 GSE and Spacecraft 
Configuration", submitted by Chief, Launch Facilities Division, KSC, Panel 1 Refer- 
ence No. l-D-0095. 

1-21 •• Inventory of Levels A-6. A-7. A-8 (1.0 34 Service Structure)", February 23, 1967, 

Panel 1 Reference No. l-D-0101. 

1-22 “Report - Test Configurations of Remote Test Monitoring and Control Equipments' \ 
Panel 1, March 9, 1967; Panel 1 Reference No. l-D-0091. 

1*23 “Crew Abbreviated Checklist * Mission AS-204' \ January 23, 1967, NASA Manned 

Spacecraft Center; (Panel 7 Data). 

1-24 “Summary Comparison, S/C 008 Thermal Vacuum Test No. 3 and S/C 012 Plugs 

Out Test (OCP-K-0021)", March 10, 1967, Panel 1; Panel 1 Reference No. l-D-0092. 
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TEST ENVIRONMENTS PANEL 


A. TASK ASSIGNMENT 

The Apollo 20 '1 Review Board established the Test Environments Panel, 2. The task assigned for 
accomplishment by Panel 2 was prescribed as follows: 

Provide history of all test environments encountered by this Spacecraft on a major assembly- 
total assembly basis which arc germain to validation of systems from fire hazard standpoint. In- 
clude appropriate qualification testing of systems and subsystems. Particular emphasis should be 
placed on qualification tests in pure oxygen with regard to pressures, temperature, time of ex- 
posure, and simulation of equipment malfunction. Indicate any deficiencies in this test program 
related to the subject problem. Also, include comparison with previous tests of appropriate flight, 
house, or boilerplate spacecraft. Any problems encountered related to fire hazard shall be docu- 
mented. 

B.. PANEL ORGANIZATION 

1. MEMBERSHIP 

The assigned task was accomplished by the following members of the Test Environments Panel: 
Mr. \\\ F. Hoyler, Chairman, Manned Spacecraft Center (MSG), NASA 
Mr. B. J. McCarty, Manned Spacecraft Center (MSC), NASA 
Mr. C. F. Key, Marshall Space Flight Center (MSFC), NASA 
Mr. C. O. Baker, North American Aviation, Inc. (NAA) 

Mr. A. PL Toelken, North American Aviation, Inc. (NAA) 

Mr. H. J. Dunham, General Electric Company (GE) 

Mr. C. M. Nolen, General Electric Company (GE) 

2. COGNIZANT BOARD MEMBER 

Mr. G. C. White, Jr., NASA Headquarters, was assigned to monitor the Test Environments Panel. 

C. PROCEEDINGS 

1. GENERAL PROCEEDINGS 

This Panel planned and implemented a review of all tests for histories pertinent to the investiga- 
tion. Attention was focused primarily upon oxygen test histories of the crew compartment systems, and 
arcing and shorting problems experienced during those tests. However. . all environments were reviewed 
for rationale used in original derivation, substantiation by ground, and flight vehicle tests, and margins 
imposed when implemented into component level tests. -The other environments were examined as possibly 
being germain to the cause of the accident from an indirect standpoint. These reviews included the 
vibration, heating, and humidity environments. 

The qualification tests were reviewed at MSC and involved examination of more than 1000 docu- 
ments. The vehicle level tests were reviewed at NAA. Downey. California, and included a review of 
another 500 or more related documents. Summaries of these efforts were reviewed by the Panel at 
Kennedy Space Center (KSC) to seek out any test program deficiencies. 

Other related oxygen fires which have occurred in and out of the Apollo Program were investi- 
gated to determine areas of similarity. 

The difference in qualification, or component level tests, and flight vehicle tests should be pointed 
out before the discussion of testing which follows. In the qualification tests, the component is subjected 
to design limit conditions sequentially and. or simultaneously, is essentially worn out by the end of its 
test program, and is never flown. In vehicle level tests, a considerable amount of functional testing is 
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performed, but always under nominal conditions, rather than. design limit conditions. 

2 . OXYGEN TEST HISTORY „ - f soacccraft (S/C) 008, 009, Oil, 

and snx-cs “u ^ » “ d ' 

2,5) are in the Apollo 204 Review Board General File. 

The Certification Tea. Specification (CTS). SID 

involve short duration high pressure oxygen exposure. partial pressure oxygen 

rr =. izz z zzz ^ “t rXr 

£T£*>. — cabin subsystems were expend to 

& rr zzrssx zzzz^zr*- *. ^ - * 

oxygen cxplosure per sc. 

The original CCOH ((combined contaminant, oxygen, and humidity) test was established in early 

P«ia. imti 120 boors of humid oxygen exposure. Cold-plate mounted etpupmennvas 
temperature cycled during the humid oxygen exposure. 

v 1 all „f the cabin electrical equipment was subjected to the CCOH test, or to the MIL- 
STD So y expL.dn pr'oof « Some n P „, actually tested. but were quality by hemg stmtlar 

design to another tested component. 

3 ’ V During ^^C^OOd^^testingl^thc^ "cabin equipment was exposed to approximately 18 houre ot oxy ®‘“ 

ing^ under ”^ 1 ,"^ concentrations and pressure. Neither S/C 009 nor «U were subjected to 
oxygen concentrations above 75 perron! during euher ground tesling or llig . 

4, ETHYLENE leaks and spillages. This is re 

t l Pan. TcoSerned .hat the connectors had.bcen broken open during 

the clcanhig^proccss^ recommended « requirement, to Pane, 18 to verify the effee.ivenc, of the clean- 
ing techniques. * 

5. ARCING AND SHORTING PROBLEMS DOSS iblc causes of,, or contributors to, a fire 

The evaluation of anomalies considered re \ P . fi i tcst program. All discrep- 

r ^ r> M m2 checkout and test experience, and the ccrtiticauon test p*”b r 

was focused on C/M 012 checkout a P^ rcviewed to identify arcing and shorting anomalies. 

ancy and failure records at NA. * v .. that the corrective action planned or 

“ i zzza - - ■* - — 

possible candidates relative to possible bearing on a spacecraft e. 

t. i a rxf rrmrd^ were reviewed in the course of this anomaly investigation, 
Although many hundreds of rccor ... Enclosures 2-4 and 2*5 summarize 

6 E ^M 1 sS^ulpmen, which was installed lor test only. This equipment. 
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i necessary to monitor test parameters or permit system operation, etc., during ground tests, would be 

; replaced with flight hardware or removed prior to launch. However, investigation disclosed some equip- 

ment of this nature remained in the crew compartment during manned ground tests. Equipment fall- 
> / * ing in this category was reviewed for aspects of test history and failures which might reflect a possible 

A cause of the accident. Two of the items of this type which were on C/M 012 and perhaps relevant 

, to the accident were the Elapsed Time Indicators and the Lithium Hydroxide (LiOH) canisters. 

Elapsed Time Indicators (ETI) required to measure the total operating time of selected subsystems 
were installed on 15 units of cabin equipment. By virtue of their requirement to record total operating 
time on limited life equipment, they remain installed at all times until just prior to flight. Test history 
of the ETCs indicated that in one case a fire hazard existed. An ETI on the Caution and Warning 
System had failed by shorting and was found distorted and cracked due to excessive heat. Subsequent 
examination of C/M 012 absolved the ETI as an area of concern. 

LiOH canisters installed in the Environmental Control System (ECS) were being utilized for test 
only. This type canister had previously failed certification tests due to powdering of LiOH pellets under 
vibration. 

Equipment which was not required to be on-board during flight did not. receive the intense and 
repeated scrutiny imposed on flight hardware. This was recognized by restricting the use of non -flight 
hardware. 

7. OTHER OXYGEN FIRES 

Data and documentation on four non-Apollo manned experiments in which there were fires were 
accumulated and reviewed. Failure and trouble reports on two Apollo ECS explosions and one Apollo 
ECS fire were reviewed. This review was summarized (Enclosure 2-6) and forwarded to Panel 5. 

8. ENVIRONMENTAL REQUIREMENTS 

Environments, other than oxygen exposure, were reviewed to seek out any possible deficiency that 
may have contributed indirectly to the accident. 

a. Temperatures 

Temperature requirements were derived from wind tunnel data and heat transfer analyses, 
then later substantiated and/or modified by ground vehicle test data (S/C 008), and flight data. 
Flight data from S/C 009 and Oil boost conditions indicate Service Module (S/M) shell temper- 
atures of about 200°F which is within the 400°F design temperature. 

The S/C 008 vehicle was tested in a vacuum chamber, with solar heat generators and cold 
walls* to verify orbital temperature distribution. These tests confirmed that the equipment in the 
C/M will experience temperatures in the +30°F to +*90°F range. The equipment is qualified to 
temperatures from +5*F to + 145°F. 

b. Acceleration 

Acceleration test levels were defined on the basis of maximum conditions expected during 
boost, entry, and abort. The peak acceleration during ascent occurs just prior to first stage separ- 
ation and is 4.9 g along the x axis; lateral accelerations arc much lower (1.85 g maximum at 
lift-off). The peak acceleration for the mission occurs during abort or entry, and is expected to be 
10 g. Test conditions arc typically 6 g along each of 3 mutually perpendicular axes for S/M 
equipment and 20 g for C/M equipment. Acceleration levels experienced during the S/M Oil 
flight were well within expected limits. 

c. Vibration 

In this area of testing for the effect of repeated stresses there are tiade • offs between the level 
of stress introduced by vibration and the number of times stresses of a given level are repeated. 
Thus, a given level for a given time may be a proper simulation of a higher level for a shorter 
time period and may give a more useful answer than the latter. These facts are reflected in the 
qualification test program for the 012 Spacecraft components. 


1 




i 
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(1) Apollo Program Testing 

The vibration levels for qualification testing of components were originally established on 
the basis of data from other programs. These data were used to define a spectrum of flight vibration 
levels which would be expected along each axis of the Spacecraft throughout the frequency range 
of 20 to 2000 cycles per second. The components were qualified by subjecting them to a random 
vibration throughout this frequency range at the expected flight level. The length of these tests, 
which was 15 minutes along each axis, was several times the expected duration of vibratory exci- 
tation during atmospheric flight. Some component vibration tests were conducted using electro- 
magnetic shakers and the remaining components w'ere tested with acoustic excitation. 

Ground test Service Module 006 and Service Module and Command Module 007 were 
acoustically excited in a reverberation chamber at a level which corresponded to the estimated 
external vibration levels which would be applied to the complete Spacecraft in actual flight. These 
tests showed that the interior vibration levels which were experienced by the components were high- 
er than the originally established criteria. New criteria, corresponding to the levels obtained in 
these ground tests on 006 and 007, were established and all components were requalified to this 
higher expected flight level. The duration of the new component qualification tests was decreased 
to one-third, that is, from 16 minutes per axis to 5-1/3 minutes per axis. The 5*1/3 minutes dur- 
ation is still three times the amount of time the Spacecraft .will .experience significant vibration levels 
during the ascent flight out of the atmosphere. 

The flight test data from Spacecraft 002, 009, and. 01.1 verified the flight vibration level 
criteria used in the ground tests of 006 and 007 . 

Components used in flight spacecraft are given flight acceptance vibration testing which 
is like the qualification testing except that the vibraton level is 25 per cent of the expected flight 
level and the duration is only about one (1) minute. 

No complete flight spacecraft, including 012, was given flight acceptance vibration tests. 

(2) Vibration Test Philosophy 

There are two basic philosophies regarding flight acceptance, vibration testing. Some be- 
lieve that flight acceptance vibration tests are an essential tool in verifying that a component or 
system of proven design (proven in qualification testing) does not have workmanship defects. Others 
believe that flight acceptance vibration tests of actual flight hardware may degrade the equipment 
and produce incipient failure. This possibility of potential degradation of flight equipment is very 
real. A dilemma is presented, therefore, in deciding how to best insure reliability of flight hard- 
ware and to balance the risk of having undetected defective hardware against the risk of creating 
an incipient failure in the acceptance test. This dilemma is particularly acute in manned (light 
programs. 


At the component level, this risk was balanced on the Gemini program by acceptance 
testing at 75% of the expected flight level and on Apollo by acceptance testing at 25% of the flight 
level. Both programs tested the components for a duration of one (1) minute in each axis. The 
reduced levels and durations of the tests were such that defective items would likely be noted but 
the risk of creating incipient failure was minimized. In Gemini one complete flight spacecraft (No. 2) 
and the first manned flight spacecraft (No. 3) were subjected to 75% flight level vibration testing. 
This testing revealed no design or workmanship deficiencies. At that time, it was decided to elim- 
inate testing of the follow-on Gemini Spacecraft. In Apollo, no complete spacecraft intended for 
flight has been given vibration acceptance tests, 
d. Shock 

Shock levels for the C/M and S/M were determined analytically and then modified by flight 
and landing impact test vehicles. There arc no significant flight shock levels for the S/M and the 
Service Modulc/Lunar Module Adapter (SLA). The C/M equipment is tested to shock levels of 
78 g's. The maximum shock level measured was 75.8 g's on the main display console during 
drop number 104 on S C 2S-1, which represented a ‘•worst-case'* water drop. 
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e. Test Levels on Two ECS Components 

As typical examples, the following are some of the specific environmental test levels imposed 
on two Environmental Control System components during the qualification test program: 



Service Module 
(Nitrogen Regulator Used 
as Typical Component 

Command Module 
(Oxygen Flow Re stricter 
Utilized as Typical 
Component) 

Temperature 

0 - 200° F. 

Fluid flow governed temperature 
extremes on this item, rather than 
the cabin atmospheric temperature 

Vibration 

0.1 g2/cps 

90 - 250 cps, decreasing 
to 0.012 at 2000 cps 

0.06 g2/cps, 

80 - 400 cps, decreasing 
3 db-oct. to 2000 cps 

Acceleration 

7 g’s along the longitudinal axis 

20 g's, 5 minutes per axis 

Shock 

Not applicable 

78 g's (ECS equipment also 
receives tumbling abort shock 
test) 


f. Results of Environmental Review 

In reviewing the environments, and the manner in which they were implemented into tests, 
it appears there is a fundamental difference in philosophy in the way Apollo and Gemini programs 
treated the vibration environment. 

There arc two prevailing philosophies concerning acceptance vibration. Some feel that vibra- 
tion is a very effective acceptance “tool" for exposing defective workmanship. They feel that flight 
hardware should be acceptance tested at expected flight level vibration for a short period, but 
only if the equipment is qualified to flight levels for long periods. Others feel that if the flight 
equipment is vibrated at flight levels for acceptance, it will be degraded. 

In the Gemini program the former philosophy prevailed. Equipment was qualified to greater 
than flight level vibration for 15 minutes per axis, which permitted several one minute acceptance 
vibration tests. The Apollo program qualifies equipment to vibration for only 320 seconds per 
axis, which permits only limited high level vibration acceptance tests. 

High level vibration acceptance tests expose amplitude sensitive faults in wiring connectors, 
such as cold solder joints. These faults, if not exposed and corrected, can eventually be manifested 
as failures by subtle combinations of oihcr environments, such as pressure- temperature. 

D. FINDINGS AND DETERMINATIONS 


1. FINDING 

All crew compartment equipment was not tested to be explosion proof. 
DETERMINATION 

There was insufficient testing of possible ignition sources. 



2. FINDING . . 

Crew compartment equipment of C/M 012 was exposed to water ethylene glycol contamination. 

Untested cleaning techniques were employed for that equipment discovered to be wet. 

3. FINDING 

Some of the C/M cabin equipment exhibited arcing or shorting during either certification or S/C 
012 testing. There, is no positive way to determine from the records reviewed whether S/C anomalies 
(possibly caused by a short or an arc) are reviewed by systems engineers and the test conductor prior 
to a test. 

DETERMINATION 

Review of possible ignition sources prior to manned testing was inadequate. 

4. FINDING 

Not all equipment installed in C/M 012 .at the time of the accident was intended to be flown. 
Some components were installed for test purpose only. 


DETERMINATION 

The suitability of this equipment in the C/M for this test was not etablished. 

5. FINDING , _ . . . „ 

Non-certified equipment was installed in the C/M at the time of the accident. The cobra cable 

P/N VI 6-60 1263 and “T” adapter P/N V16-601396 are examples. 

DETERMINATION 

The suitability of this equipment in the C/M for this test was not etablished. 

6. FINDING 

The deign required the mating and demating of “hot” electrical connectors as normal crew pro- 
cedure. Changing to a spare “cobra cable’ is an example. 

DETERMINATION 

The practice of breaking “hot” electrical circuits introduce fire initiation hazards. 

E. SUPPORTING DATA 

This section contains the following Enclosure to which Section C refers: 

Enclosure 


2-1 Vehicle Tet Summary 

2-2 Summary of oxygen tet history of component level tests 

2-3 Not Used 

2-4 Summary of significant certification test anomalies involving possible ignition sources 

2-5 Summary of significant C/M 012 anomalie involving possible ignition source 

2-6 Summarie of other oxygen fire 

2-7 Glossary of terms 

2-8 List of Reference 
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VEHICLE TEST SUMMARY 
(Oxygen Experience) 





ENCLOSURE 2-1 

D - 2 - 10 












; 

! 


K 

f 


> 


4 

A 


SUMMARY OF OXYGEN TEST HISTORY OF COMPONENT 
LEVEL TESTS 

Total Equipments in Cabin by Subsystem which Use, Control or Distribute Electricity 


SUBSYSTEM 

NUMBER 

NUMBER RECEIVING EXPLOSION TEST 

Pyro Devices 

2 

0 

Sequence Systems 

6 

0 

Environmental Control 
System (ECS) 

68 

32 Received MIL-STD 810 
Explosion Proof Test 
16 Qualified by Similarity 

Crew Equipment 

3 

0 

Stabilization Sc Control 
System (SCS) 

12 

11 Received 0 9 Test at 14,7 psia 

Guidance i* Navigation 
(GScN) 

19 

18 Received 02Test at 14.7 psia 

Instrumentation 

12 

0 

Communications 

32 

14 Received O 2 Test at 14.7 psia 

Electrical 

47 

0 

Displays and Cont. 

14 

0 

Subtotal 

215 


GFF 

15 

3 Received M1L-STD 810 
Explosion Proof Test 
l Received 0 o Test at 14.7 psia 

TOTALS 

230 

96 


35 Equipments received Mil. •STD 810 Explosion Proof Test 

44 Equipments received Oxygen Tests at 14.7 ps ; a. 

G&.N Oxygen Test duration was 22 hours. All other Oxygen Tests were 4 hours duration. 

Remaining equipments received oxygen tests at 5 psia pressure, with duration varying from one 
hour to 040 hours. Most of the ECS component* were tested for 640 hours. 
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SUBSYSTEM DISPLAYS AND CONTROLS 










SUBSYSTEM - EPS DISTRIBUTION EQUIPMENT 
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SUBSYSTEM - ENVIRONMENTAL CONTROL 
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migration and build up of bearing 
lubricant between the rotor and 
stator causing the motor to freeze, 
( Qualification Mission Life Test 
April 29, 1966) 








SUBSYSTEM - ENVIRONMENTAL CONTROL ( CONTD) 
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SUBSYSTEM - SEQUENTIAL EVENTS CONTROL 
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SUBSYSTEM - TELECOMMUNICATIONS 
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SUMMARY OF SIGNIFICANT S/C 0 12 ANOMALIES INVOLVING POSSIBLE IGNITION SOURCES 
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SUMMARIES OF OTHER OXYGEN FIRES 

A review of one unmanned and four manned experiments in which there were fires shows that the 

r e T:; u n , m four of : hc fircs was w, c bcii WC dtbt^,t 

° nly ataht.es. occurred, in the two accidents in which there was a flash fire In all five 
r^cupaT ” PrC ““ ,i0 “ "“ 4 b ““ ‘ ak ' n “ d,l “ r I'-™ 1 ” "*"*»*> (he fire or (o pro.ee, 

BROOKS AIR FORCE BASE, SEPTEMBER 9, 1962 

A fire occurred in the Space Cabin Simula, or a, brooks Air Force base on Scp,cml>cr 9 1962 

I dTSTi 7: l "tL T ' - * « had been in pr^ttl ^ 

(CO.,) removal system^, odor removal system used activated charcoal and the Carbon Dioxide 

percent calcium hydroxide and ^^pereent b^rTunT'hydroxldf Tl * p 0<) ' P ° Und ' ,cd ° f a mix,urt- 

o\t“b“r c„i”S^,ir S'birt^Tr ::r- 

£ TtshlJ i r,r Pam! «" lr r d * m ° kc thalalrald ®mi,her ,«ehU l burn" “S' 

BROOKS AIR FORCE BASE, JANUARY 31, 1967 

in the r? nd fi :r ° CCU i rred 0,1 J anual ^ 31 ’ 19 « 7 > in the same Brooks Air Force Base facility described 
in the first accident. 1 es, conditions were 7.2 psia 10 0 -pet rent oxygen The test was n h P t 

of. a. planned 67-day test to study hematology of 16 rabbits. Two men had bet in tire V2 

burns “over 90 !“ f ^ 1 ° b ° th ' B ° th men suffered scco » d ™d third degree 

rh \ \ r P t crcen ° thcir bodlcs ’ An outside observer witnessed a flash fire which eneuifed the 

opinio, r - >ctt"^„?b“Lr“ 

a csult of the animal experiment. Experiments conducted on-site have conclusively shown that the 
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ai pcrccm barium hydroxide in aluminum dueling. There i, evidence if imcnse^hiaUn Ihc^c o' ah' 
iorbem bed and m.cnxe exo.hcnnic ebcmica, reae.ion, were prexen, in ,hc ai, conSuning d« 2 At 
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can be explained by an additional reaction which would have resulted from aluminum and iron oxide 
being reacted in the presence of a hydrogen -oxygen flame which can cause fusing of metals such as 
stainless steel, chromium, and other metals. This is known as a "thermite reaction” and the AF Ma- 
terials Laboratory has determined that it can be initiated at 2352°F, the reactants being stainless steel 
and oxygen. The reaction is self-sustaining and reaches a temperature of 2550 to 2650°F. The reaction 
is suppressed in the presence of steam or about 35 percent CO 2 . A possible source of the initiating 
temperature is the burning tape which was around the top of the" COo absorber -filters. This tape can 
initiate the oxygen/stainless steel reaction in three seconds, in 14.7 psia oxygen, but its burning tempera- 
ture is as yet unknown in 7 psia oxygen. The CO 2 fire extinguishers were not removed from their 
holders and examination of the three oxygen regulators show no indication of malfunction. Ignition 
sources were considered by the investigation board to include an arc from an electrical short, an elec- 
trostatic spark, a friction spark, spontaneous oxidation, heated surfaces (particularly those which might 
have been in the CO 2 absorbent bed), heated surfaces from friction. or hot wire, the electrical motor 
downstream of the C0 2 absorbent bed, clothing which might have ignited on. contact with a heated 
surface or as a result of spontaneous oxidation, or ignition of a sponge, chair cushion, or rabbit fur 
from either an electrostatic discharge or spontaneous oxidation. A short in a lighting fixture wire was 
determined, to be the most probable source of ignition. 

NAVY EXPERIMENTAL DIVING UNIT, FEBRUARY 16, 1965 

A hre occurred in the decompression chamber of the Navy’s Experimental Diving Unit (EDU) 
at Washington, D.C. on February 16, 1965. Conditions at the time of the fire were 28-percent oxygen 
36-percent nitrogen, and 36 -percent helium at a total pressure of 55.6 psia (92 feet depth) or an 
oxygen partial pressure of 15.6 psia. About eleven minutes after entering the chamber (via a lock) 
from an adjacent chamber at 126 psia (250-foot depth) one of the divers reported the fire. Two ob- 
servers at a viewing port observed a fire four inches in diameter and two feet high coming from the 
CO 2 scrubber immediately prior to a flash fire which engulfed the entire chamber. During the next 
minute, chamber pressure rose to 130 psia (260-foot depth). Attempts to rescue were unsuccessful and 
both occupants died. The COo scrubber was portable and was designed for use as an emergency 
device for submarine atmosphere control and consisted of a tub containing six cylindrical tubes. The 
center tube contained the fan motor and outer tubes contained four CO 2 absorbent canisters and 
one filter element. Flow of chamber air through the scrubber was down through the four absorber 
canisters and up and out through the filter unit. The absorber elements consisted of a cylindrical metal 
can with metal screens on each end. The metal cylinder and screen materials are unidentified. The 
absorber chemical was the same as that in use at the time of both Brooks’ fires; i.e., 80 percent cal- 
cium hydroxide and 20-percent barium hydroxide. The “tub” which housed, the entire scrubber, assembly 
was made of an unidentified metal. The filter element was made of convoluted paper (probably Kraft) 
cylinders supported on the inside by a perforated metal (iron) cylinder and at: the ends with stamped 
aluminum covers cemented to cardboard rings which are in turn cemented to the convoluted paper. 
Each unused unit W'cighs 2. L pounds of which paper and cemented end rings comprise 1 pound. In- 
vestigation determined that primary use for this filter was in hydraulic systems and in the fuel systems 
of jet aircraft, and that common practice is to test every single filter element by immersion in an 
organic liquid and, while submerged, blow air through the filter to see if flaws existed at the seals 
of the paper. Tests were performed on two unused filter elements identical in design to the accident- 
involved filter. An acetone extraction on one showed that it probably contained about 0.3 to 0.4 pounds 
of kerosene- like liquid. This is consistent with the filter specification which lists maximum dry unit weight 
at 1.8 pounds. This also shows that the dry weight of the paper and end rings is 0.7 pound, arrived 
at by subtracting total wieght of metal f2 ; l -1 .0= 1 ,n from the 1 .8 pounds total dry weight. A second filter 
was placed in a COo scrubber, without COo absorbent installed and operated for 2 hours. From this 
test, it was determined that the volatile liquids would be removed from the filter in 5 to 10 hours 
depending upon temperature and flow rate through the unit. The accident-involved filter was one of 
two supplied with the scrubber which had 11/2 to 2 years of intermittent use and the time logged on 
each filter is unknown. The used filter not involved in the accident had no "hydrocarbon” odor and an 
acetone extraction of the paper revealed a weight loss of only 10.2 percent compared to 36 percent loss 
on an unused filter. Samples from the used filter and an unused filter were subjected to high-frequency 
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discharge (Tesla coil) in a stream of . oxygen. The unused filter ignited easily and the flame spread 
rapidly whereas the used filter required 5 to 7 seconds of continuous discharge, ignited at the edge of 
the paper, and did not burn readily. From these tests, it was concluded that most or all of the easily 
ignitable material (hydrocarbon) had been removed from the filter by use prior to the EDU fire and 
that a rather strong ignition source would have been required to ignite it. A bench test of the scrubber 
motor after the fire showed that it ran at a reduced speed and rapidly overheated, the condition being 
caused by faulty operation of the centrifugal throw-out switch which resulted in the motor running on 
starting windings. The EDU had no provisions for odor removal (such as activated charcoal). The fire 
caused extensive damage including complete consumption of untreatecd cotton terry-cloth bath robes 
and about twelve feet of flexible air conditioning duct made of fabric-covered spiral wire. Untreated, 
cotton mattresses with flame-proof covers were partially consumed. About five feet of the rubber on the 
unarmored electric cord to the portable scrubber was consumed as was rubber of armor-covered cables 
directly above the CO 2 scrubber. A simplified calculation by Naval Research Laboratory personnel 
showed that the pressure rise experienced during the fire would have caused a 761°F temperature rise 
and that the temperature rise would require the burning of only about 1.1 pounds of cellulosic material, 
i.e., cotton or perhaps wood-based paper in the filter. The. investigation concluded that the most pro-- 
bable cause of the fire was the overheated scrubber motor causing spontaneous ignition of the filter 
element in a high-oxygen atmosphere. Fire extinguishing equipment consisted of a bucket of sand and 
a bucket of water, neither of which was used. 

NAVY AIR CREW EQUIPMENT LABORATORY, NOVEMBER 17. 1962 

A fire occurred, in the Navy’s Air Crew Equipment Laboratory (ACEL) on November 17, 1962. 

Test conditions were 100 percent oxygen at 5 psia and the fire occurred on the 17th day of the test. 

The fire started on the insulation of the ground wire to a light fixture. The ground wire was loose 
and an arc ignited the insulation. One of the four occupants tried to smother the fire with a towel 
which also ignited. Further attempts with an asbestos blanket resulted in ignition of the blanket and 
clothing worn by occupants. Subsequent attempts by all four to extinguish fire on the clothing of others 
resulted in the ignition of the clothing of all four, generally on the sleeves and pants legs. One occu- 
pant's hand caught on fire. All occupants escaped in about 40 seconds after first report of the fire 
and all were treated for first and second degree burns over 15 to 20 percent, of their bodies. Immedia- 
tely after exit of the occupants the door was closed, the chamber taken to 80,000 feet and purged for 
20 minutes with C'.Oo to extinguish the fire. There was no flash fire and there were no extinguishers 
in the chamber. 

APOLLO- ECS FIRE AT AIRESEARCH TORRANCE FACILITY, APRIL 28, 1966 

A fire oecuned in an unmanned qualification test of the Apollo Environmental Control System at 
Torrance, California, on April 28, 1966. Test conditions at, and 23.5 hours prior to the fire, were 100 
percent oxygen at 5 psia. Prior 10 bringing the test up to 5 psia, the test had included 2.156 hours { . 

at 10-4 millimeters of mercuty d on't. The investigating board concluded that the most probable cause 
of the fire was failure of a commercial quality strip heater used to add heat to the steam duct. The 
strip heater used polyvinyl chloride (PVC) insulation and the manufacturer's temperature rating was . 

167°F continuous. 190°F maximum in air. There was a sharp bend in the heater strip bearing against an ECU 
power lead splice at the heater strip entry into asbestos tape wrapped over the steam duct in the test set-up. 

Under high temperature conditions, the heater tape wire was demonstrated to extrude through the PVC 

insulation and a fire was initiated under simulated test conditions. Three other ignition causes were ; 

considered as possibilities. Strip heaters of the same type as above, but covered with aluminum foil. 

were on the potable water and dew point line sensor. Deterioration of insulation could have caused a 

short between one of the wires and the aluminum foil. Dew point measurements within the cabin showed 

that some metal surface temperatures were such that water could have condensed on them causing 

arcing on open terminal strips, unpotted connectors, or the 400-cycle unit, igniting adjacent materials. 

One of the ECU high pressure oxygen check valves, which use an elastomeric (DPR) seal, was scvcrly 

damaged and it was theorized that high pressure "impact" of the 900 psia oxygen could have ignited 

the EPR. AiRcsearch ran a scries of 3000 psi impact tests without ignition, and although the test rc- 1 

suits were not absolutely conclusive, it was concluded that this was the least probable of the possible 
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causes presented. Other damage caused by the fire included excessively burned insulation of the test 
set-up wiring, ■ fusing and burning of ECU wire harness, and burned polyurethane foam insulation on 
the oxygen and water-glycol lines. The investigating board concluded that, although 16 components had 
malfunctioned prior to and during the test and 18 had failed due to damage by the fire, the ECS quali- 
fication unit was not the direct cause of the fire. Also, test equipment and materials were improper for 
the environment, there was no fire detection or extinguishing equipment, and there were no emergency 
procedures. The board also concluded that improvement in the selection of some materials used in the. 
ECS and the Apollo Command Module (C/M) could be made to control fire. Also, the C/M electri- 
cal circuits and wiring have potential hazards from arcing or direct short circuits. Also concluded 
was the fact that AiResearch procedures and documentation were inadequate, that quality control (QC) 
personnel were provided inadequate direction and that a NASA Test Readiness Review might have 
precluded the incident. The board recommended that all action necessary be taken to preclude initia- 
tion of a fire in the C/M with special emphasis on adequacies of wire bundle derating, circuit breaker/ 
wire compatibility, and elimination of all possible nonmetallic materials in contact with wire bundles. 
The board also recommended the imposition of nonmetallic materials specification requirements on all 
contractors and other suppliers .of flight equipment, and to strengthen the materials selection -and applica- 
tion program. 

APOLLO ECS EXPLOSION AT AIRESEARCH, APRIL 13, 1965 

An explosion occurred in an unmanned qualification test of the Apollo ECS at. AiResearch on 
April 13, 1965. The explosion occurred after 127 hours of a planned 141 -hour test. Conditions were corro- 
sive contaminants, oxygen, and humidity (CCOH) per qualification test procedure SS-1224-R, para- 
graph 6.8. Failure reports were prepared for four components; a sensor (P/N 820110-1), a fan (P/N 
826310-2-1), a valve (P/N 850028-1-1), and an absolute pressure transducer (P/N 837044-1-1). The ex- 
plosion was determined to be the result of polyurethane foam swelling underneath a water tank causing 
a suspended electrical immersion heater to touch the bottom of the tank. Sufficient localized heat was 
generated to ignite the oxygen-saturated foam. Electrical connections did not indicate evidence of short- 
ing and it was noted that all units were operable after the test was aborted. Corrective action included 
use of Teflon sheets in place of polyurethane foam and neoprene to isolate the units electrically, connec- 
tion of the unit mounting frame and tank to a common ground, petting of heater leads, installation 
of a commercial submersion heater in the water tank by welding a boss. 

APOLLO ECS EXPLOSION AT AIRESEARCH, JULY 1, 1964 

An explosion occurred in unmanned qualification test in the explosion proof chamber at AiResearch 
on or about July 1, 1964. The test had been in progress 30 minutes and test conditions were in accor- 
dance with explosion proof test SS-I218-R, paragraph 6.9.2. A cabin air temperature sensor, P/N 
820100-1, was damaged to the extent that the glass bead around the thermistor was bubbled and pitted, 
from the heat. Conclusion as to the cause of the explosion was that the insulation around the heater 
coil broke down from heat inside the explosion chamber while the explosion proof test was in progress. 
Corrective action was to retest the sensor for temperature versus resistance per SS-I113-R, revision 1. 
paragraph 4.2. The sensor was retested, witnessed by NAA and Air Force QC, and released for future 
testing on July 1 , 1964 
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GLOSSARY OF TERMS 

APS 

Apollo Problem Summary 

AFB 

Air Force Base 

AS 

Apollo/Saturn 

BTU 

British Thermal Unit 

CC 

Cubic Centimeter 

C/M 

Command Module . 

Cm 2 

Square Centimeter 

C0 2 

Carbon Dioxide 

cps 

Cycles Per Second 

CT\ 

Certification Test Network 

CTR 

Certification Test Requirement 

DR 

Discrepancy Report 

db 

Decibel 

ECS 

Environmental Control System 

EPS 

Electrical Power System 

ECU 

Environmental Control Unit 

ECA 

Electronic Control Assemblies 

FR 

Failure Report 

°F 

Degrees Fahrenheit 

g 

Acceleration Due to Gravity 

g 2 CPS 

Vibration Power Spectral Density 

GSE 

Ground Support Equipment 

GT 

Gv. Titan 

HoO 

»Vwier 

HZ 

Frequency In Cvcles per Second 




GLOSSARY OF TERMS (Continued) 


Inertial Measurement Unit 


Pound 


Lithium .Hydroxide 

Lunar Module 

Mercury/Atlas 

Methel Ethyl Ketone 

Military Standard 

Manned Spacecraft Center 

Manned Spacecraft Operations Building 

Not Applicable 

Nitrogen 

Operational Checkout Procedure 

Oxygen 
Part Number 

Pounds Per Square Inch Absolute 

Quick Disconnect 

Spacecraft 

Spacecraft/Lunar Module Adapter 


Service Module 


Serial Number 

Millimeters of Mercury Vacuum 


Volts Alternating Current 


Volts Direct Current 


Water Glvcol 
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SEQUENCE OF EVENTS 

A. TASK ASSIGNMENT 

Analyze data obtained immediately prior to and during the fire incident including digital, ana- 
log, voice communications, photography, etc. Data should display significant events as they occurre 
with precise time tag. Time histories of all continuous or semi-continuous recorded parameters, cor- 
relation of parameter variations and events shall be recorded as well as interpretation of the results 
of said analysis. Where pertinent, normal expected variations shall be compared with those ac- 
tually obtained. 


B. PANEL ORGANIZATION 


1. MEMBERSHIP:- , 0 r _ D . 

The assigned task was accomplished by the following members of the Sequence of Events Panel: 

Mr. D. D. Arabian, Chairman, Manned Spacecraft Center (MSC), NASA 
Mr. H. Creighton, Kennedy Space Center (KSC), NASA. 

Mr. W. Jewel, Kennedy Space Center (KSC), NASA 

Mr. W. Eckmeicr, North American Aviation (NAA), Kennedy Space Center 
Mr. A. Tischlcr, North American Aviation (NAA), Downey 

2. COGNIZANT BOARD MEMBER: „ w u . . 

Dr. M. Faget, Manned Spacecraft Center (MSC), NASA, Board Member, was assigned to mon- 

itor the Sequence of Events Panel. 

Panel 3 served as a separate Panel from January 31, 1967 through February 23, 1967. The Panel 
was dissolved on February 23, 1967 and merged with Panel 18. This merger was accomplished to 
better support the Apollo 204 Review. 


C. PROCEEDINGS 


GENERAL DESCRIPTION OF THE DATA SYSTEM . 

a The engineering data used in the determination of the sequence of events was obtained from 
the spacecraft instrumentation system and is presented in Enclosure. 3-1. This system, consists 

of the following main elements: . , , 

( 1 ) The instruments in the Command Module which measured about 400 items such as \olt- 

ages, temperatures and pressures. , . . 

(2) A signal processing system in the Command Module which converts the physical parame- 
ters measured into a form suitable for transmission. 

(3) The hardline and radio transmission links which carry the converted data to the ground. 

(4) The ground system which provides permanent tape records of the data obtained and also 
provides the various kinds of real-time displays of the data required to conduct the test. 

(5) The instruments in other parts of the Space Vehicle and Ground Support Equipment 
systems. These instruments provide data to the ground recording stations in a similar manner 

as for the Command Module. . 

(6) A communications network for voice transmission between the various groups associated 

with the tests including the Command Module crew. 


Fnclosurc 3-2 is a simplified schematic of the data system in use in Spacecraft (S/C) 012 
and on the ground during the Plugs Out Test and shows the general elements within the Space- 
craft and the radio and hard-line links to the main ground stations at John F. Kennedy Space 
Center (KSC). Data were also transmitted from the KSC ground stations to other sites such as 
the Air Force Eastern Test Range (AFETR) and to the Manned Spacecraft Center (MSC) 

in Houston 
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b. Because of the large number of measurements *^ 

in the other systems in the Spacecraft, it is impossible ithu P for both ground tests raid space 
continuous information on each tncasurctncn uuu t . * . ‘ . di samp ii ng of each measure' 

flight operations. A system is used, therefore uditch ‘ ^ b This syst em takes 

uoL‘ record Jo ^constructed . This may not be 

lily occur. Rapid variations between samp mg 11 '“ actual initial variation of the param- 

be determined. This condition may provide 

SSSii. ^ 

per second. 

... i .. rsortimlir value of the parameter being measured. Such 

bach -word . n \. P ‘ Thc {uU scalc range of each measuring instrument is cli- 

a word is also called a cou (or ••word’"), does not necessarily 

vided into 254 "counts.' A change. . mcasurc d. This effect is obtained because 

correspond to a real change m the patamt S ‘ . 8VStem The “'noise" can cause 

-noise" is inherent in information transmission ^ distinguish bome en 

changes in counts. C ;‘ ir * lul ‘ ^'p'JJ a meteis being measured and apparent magnitude changes 
SLh aJfdue' " - P = is 

ri, tE particularly „ o„c W 

fluctuations have occurred for an extended puiod. 

!. SKQV ENC.L Ol lAbN IS ^ (cs[ of s q oi 2 commenced. The purpose of the test 
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mode selection of the communications system. The “live mike” condition continued to exist after 
the troubleshooting exercises and the cause for this condition had not been determined by the 
time of first voice indication of fire. Another communication problem appeared after trouble- 
shooting; it was in the ground station and involved the distribution ot the various voice links. Short- 
ly after the troubleshooting period, decision was made to proceed with the simulated static firing 
of the Reaction Control . System <RCS) thrusters while communications .were still possible. By 
23:04 GMT the ground station worked around their problem by patching Spacecraft communi- 
cations to Black S, a specific communications loop. All test personnel were switched to this loop. 

By around 23:13 GMT the static firing exercise was completed. Voice check was made between 
the crew and the ground. The communications from the crew to the ground were somewhat gar- 
bled. At 23:22:27 GMT, the ECS engineers noted an appreciable depletion of the oxygen purge 
tank. The Command Pilot had his face plate open which accounted for the change and by about 
23:23 GMT the face plate was closed. Still placed by poor communication. Astro Communi- 
cation Console CAST suggested the crew switch to S-band voice link; a communication check with 
each of the crew was acceptable. However, some undefined difficulty with the communications 
between the Spacecraft and the ground still existed. 

c. At 23:28:00 GMT the. count was holding at T-10 minutes and resumption ot the count was an-, 
ticipated momentarily. All the systems being monitored through the PCM system by systems 
engineers showed normal, operation (particularly the electrical and ECS) at this time. Sixteen . 
personnel were standing by at the various floor levels of. the gantry to provide technical support 
as required. Those with specific, functions to be performed at T-0 were positioned in the vicinity 
of assigned stations. Movement was reportedly negligible and no work was being performed on 
the flight or ground support hardware. Seven persons- were positioned within the Saturn S-IV-B 
aft interstage monitoring assigned communication channels or otherwise engaged in support co- 
ordination. The only known anomaly within the Spacecraft was the “live microphone” which 
was picking up the rhythmic cadence of the Command Pilot s breathing sounds representative 
of a man at rest. In addition, the Senior Pilot's biomedical parameters showed normal resting 
levels. During this period, voice transmissions from the Spacecraft confirmed this impression ot 
a relaxed situation. The termination of the last relaxed conversational transcript from the Space- 
craft occurred at 23:30:02 GMT. . . 

d. At 23:31:04.7 GMT, the crew call of fire was received over the voice loop, lhe series ot 
events during the minute preceding the fire call was extracted from an after-the-fact review of 
the data and observation by personnel involved with the test. 

At about 23:30:40 GMT, random sounds other than the normal breathing from the Command 
Pilot were evident on. the “live mike.” The sounds were similar to those obtained by tapping 
or brushing a microphone. The. frequency of the noise occurrences was much greater than noted, 
earlier in the test when the mike was “live." The. noises subsided several, seconds before the. 
crew call of fire. Throughout the one-minute period before the crew call of fire, the oxygen 
flow to the suit circuits continually increased and reached the upper flow limit of the measuring 
system at about 23:30:59 GMT.. During this period the torquing signals to the Inertial Measuring. 
Unit showed fluc tuations which were an indication of movement of the Spacecraft. In addition, bio- 
medical data indicates a slight increase of activity by the Senior Pilot. This indication subsided 
within the one-minute time period. An assessment of the noises on the voice loop, increasing 
oxygen flow to the suit circuits, torquing signal variations to the Inertial Measuring Unit and Sen- 
ior Pilot slight increase in activity between about 23:30:40 GMT and 23:30:59 GMT show that 
crew activity within the Spacecraft occurred. During the period when the crew was active, the 
open channel of the gas chromatograph showed fluctuations commencing at about 23:30:50 GMT. 
This fluctuation may have also indicated crew activity because of the antenna characteristics of 
the disconnected cable. At about 23:30:55 GMT a momentary dropout of the data being trans- 
mitted from the Spacecraft occurred. The C-band beacon also showed an interruption at this 
time. The AC voltages on the three phases of inverter Number 2 showed a transient, as did 
one of the phases which supplied power to the hand controller. 

c. About six seconds before the call of fire by the crew, all systems appeared to be at a steady 
or quiescent state, except for the high oxygen flow to the suit circuits The crew call ot fire 
occurred at 23:31:91.7 GMT. 
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There were two voice transmissions from the Spacecraft. The first transmission, believed to be that 
of the Command Pilot, at 23:31:04.7 GMT reported "a fire in the cockpit.” This transmission 
ended at 23- 31 TO GMT. The second and last transmission, believed to be the Pilot s, started 
at 23:31:16.8 GMT and ended at 23:31:21.8 GMT. This transmission reported ”a bad fire 
followed by two garbled phrases. Coincident with the call of fire, immediate and marked in- 
crease in the biomedical measurements from the Senior Pilot occurred. The magnitude of these 
readings continued to increase until loss of data from the Spacecraft. Those systems sensitive 
to the Spacecraft movement, including the launch vehicle accelerometers, showed increasing in- 
dications of Spacecraft movement. These indications continued until loss of data, which occurred 
at 23:31:22. 10 GMT (6:31:22.40 p.m. EST). 


The witnesses on station to support the test heard the call of fire. A muffled explosion was 
heard next, followed by two loud whooshes of escaping gas as the Spacecraft cabin ruptured from 
the internal pressure increase caused by the fire. Flames shot from open access panels. Astronaut 
helmet, arm and back movements were observed through the cabin window. The light intensity 
from within the cabin increased, and flames filled the view through the window. 


f. Ground power was. switched from the Spacecraft at 23:32:46.4 .GMT. However, internal bat- 
teries had been, switched on the main buses by the crew at about 23:31:13 GMT so that removal 
of ground power did not deenergize the electrical systems within the Spacecraft. Between ^3:31:15 
GMT and 23:33:00 GMT repeated attempts were, made by the pad crew to enter the smoke-filled 
White Room to rescue the astronauts from the Spacecraft. The fires external to the Spacecraft 
continued to burn as hatch removal progressed. At about, 23:36 GMT the hatch was remove 
and at approximately 23:43:00 GMT. three physicians arrived from the blockhouse, 
g Detailed events from about one minute prior to the fire to the time when ground power was 
switched from the Spacecraft, are shown in Enclosure 3-3. (Ground power was removed from the 
Spacecraft after loss of all data transmission from the Spacecraft.) The recorded data from the 
onboard instrumentation, the ground instrumentation, and the voice transcripts were used to es- 
tablish the events of the enclosure. 


3. DATA INDICATION „ . _ . . . P 

Some of the .more significant data obtained just prior to the crew call of fire is shown in En- 
closure 3-4. Tlicse data cover a period of one minute before the call of fire until loss of the data 
signals The data shown include various parameters indicating Spacecraft motion, the live mike 
audio noises on the Command Pilot's S-band. oxygen flow rate into the suit loop, biomedical indi- 
cations from the Senior Pilot. AC bus 2 transient and associated effects on the C-band operation and 
VHF telemetry carrier and the gas chromatograph signal monitor. Each of these subjects is discussed 
in the Report of Panel 18. 

D FINDING AND DETERMINATIONS 


1. FINDING: . . . c f . 

The data recorded from the Spacecraft and ground instrumentation system during the Spaccciatt 

Plugs Out lest were found to be valid except for three brief dropouts which occurred around 
23 31 17 4 GMT. 23:31:21.0 GMT and 23:31:21.4 GMT. All onboard data transmission ended at 
about 23:31:22.40 GMT. 

2. DETERMINATION: ...... 

Tiie onboard instuimentation system functioned normally prior to and during the initial phases 
of the fire. There were no indicated malfunctions in any of the instrumentation sensors during 

this period. 

E. SUPPORTING DATA 

1. Enclosure 3-1 Sequence of Events. Final Summary Report 

2. Enclosure 3 2 Flow of Data Information from S C and Ground Support Equipment 
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L INTRODUCTION 

This report contains the sequence of events from about one minute prior to the crew call of fire 
to loss of data. The basic data pertinent to the sequence of events are presented in direct-write recorder 
form. Abrief discussion of the data indications for each system is given. The analysis of these data 
indications are presented in the final report of Panel 18 where additional data is presented to support 
the discussion. 


CR 

Cathode Ray 

AC 

Alternating Current 

DC 

Direct Current 

ECS 

Environmental Control System . 

TVC 

Thrust Vector Control 

PCM 

Pulse Code Modulation 

VHF'FM 

Very. High Frequency/Frequency Modulation 

MTVC 

Manual Thrust Vector Control 

W/G 

Water -Glycol 

S/C 

Spacecraft 

IMl' 

Inertial Measurement Unit 

OAT 

Over - All Testing 

GSE 

Ground Support Equipment 

SRP 

Senior Pilot 

EDS 

Emergency Deletion System 

HFLT 

Houston Flight 

BPC 

Boost Protective (..over 

CMD 

Command Pilot 

SM-RCS 

Service Module -Reaction Control System 

ACE S C 

Acceptance Checkout Equipment Spacecraft 

ACF. 

Acceptance Checkout Equipment 

LOS 

Loss of Signal 

KSC 

Kennedy Space Center 

EC V 

Electronic Control Assembly 

ECU 

Environmental Control Unit 

SPS 

Service Propulsion System 

F C 

Fuel Cell 

CRN 

Guidance and Navigation 

PI PA 

Pulse Integrating Pendulous Accelerometer 

LEB 

Left Equipment Bay 

FHS 

Forward Heat Shield 

CSM SLA 

Command Service Module Saturn I.M Adapter 

LES 

Launch Escape System 

DSEA 

Data Storage Electronic Assembly 

MCC.II 

Mission Control Center Houston 

GMT 

Greenwich Mean Time 
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PSIG Pounds Per Square Inch Gauge 

PSIA Pounds Per Square Inch Absolute 

S/V Space Vehicle 

NRZ PCM Non-Return to Zero Pulse Code Modulation . 

TPS Test Planning Sheet 

EPS Electrical Power System 

EDU Coupling Display Unit 

ADA Angular Differentiating Accelerometer 

CW Continuous Wave 

MSOB Manned Spacecraft Operations Building 

MOLC ACE Open Loop Communication Station 

CAST . Astro Communicator Console 

PLT Pilot 

MSTC Manned Spacecraft Operations Building Spacecraft 

Test Conductor 

CGSS Cryogenic Gas Storage System 

PUGS Propellant Utilization Gaging System 

SM- A Service Module Quad A 

SM-D Service Module Quad D 

SM Service Module 

MDAS Medical Data Acquisition System 

VDC Voltage Direct Current 

CG Gas Chromatograph 

C &\V Caution and Warning 

PTT Press to Talk 

VHF / AM Very High Frequency Amplitude Modulation 

CCW Counterclockwise 

RF1 Radio Frequency Interference 

CSM Command Service Module 

T R Transmit Receive 

2. SIGNIFICANT EVENTS PRIOR TO THE START OF THE FINAL TEST 
a. SC ARRIVAL TO START OF PLUGS OUT TEST 


August 26, 1%6 

Command Module arrival at KSC. 

September 14 

Start of combined systems test 
(OCP-FO-0035). 

Scmptember 17 

Spacecraft (S/C) power-down for 
troubleshooting. 

September 19 

S, C power-up for OCP-FO-K0035. 

September 23 

S / C power-down for OCP-FO-bU(X)35 
troubleshooting. 

September 27 

- OCP-FO-K0035 ECS leak checks. 

September-29 

Remove electronic control assemblies (EGA) 
because of water glycol (VV/G) leak. 

September 30 

Reinstall ECA's. Environmental control 
system water glycol leak corrected. 
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October 1 
October 7 


October 8 
October 10 


October 1 1 


October 12-13 
October 14-15 
October 18 


October 19 
October 21 


October 27 


October 28 
October 29 


October 31 
November 1 
November 3 


November 4 


November 5 
November 6 
November 8 


November 9 
November 11 


November 12 
November 13 


November 14 
November 15 


S/C power-up and completed 
OCP-FO-K-0035. 

W /G spill during transducer change. 

Remove all ECA’s because of W/G wetting. 
Install new ECA’s. 

Manned sea level run of flight crew 
altitude chamber test, OCP-FO-K-0034 
started. 

Manned sea level run discontinued due 
to bent pins in CM-SM umbilical. 

PCM replaced due to Suspected bad 

transistors. 

Manned seq level run performed. 

Unmanned altitude run performed. 

First manned (flight crew) altitude run 
aborted at 13,000 feet due to inverter 
no. 1 failure. Inverter replaced. Shorted 
input transistor. (Had. not gone through, 
the screening process.) Replacement was 
of modified and screened type. 

First manned (flight crew) altitude run 
completed. 

Second manned 9back-up crew) 
altitude run initiated but scrubbed due 
to C>2 regulator failure. 

Decision received to change ECU. 

Inverters no. 2 and no. 3 removal started. 
(These two were of the unmodified type.) 
ECA's removed for water glycol drain. 
Demate CSM to pressure test service 
propulsion system (SPS) tanks. 

Installed Yaw Axis ECA. 

C/M moved to integrated no. I stand. 
ECU removed. 

SPS tank removal from S/M started. 

Install roll and pitch ECA's. 

New inverter installed complete. 

Fuel cell (F/C) no. 2AV/G pump replaced 
due to leak. 

Start SPS tank pressure testing at Pad 16. 
C>2 panel with new O 2 regulator installed. 
Installation of ECU initiated. 

Installation of SPS tanks initiated. 

Drain of fuel cell water-glycol completed. 
F/C W/G fill initiated. 

New SPS fuel tanks received. 

Leak check of ECU completed. 

Installation of SPS tanks completed. 
Power-up S. C to support ECS checks. 
Move S/ M to Pad 16 for SPS installed 
tank pressure checks. 

G&N computer , S, N 123. removal 
in work to install flight program memory. 
ECS \V ; G servicing started. 

Install S/M in altitude chamber. 

ECS W, G servicing complete. 
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November 16 


G&N computer installed temporarily to 
perform PI PA test. Corrosion noted on 
pins. Must be removed. 

November 17 


G&N PI PA test complete. 

Computer S/N 123 removed. Will install 
new computer S/N 124 due to corrosion 
on pins of S/N 123. 

November 19 

- 

CSM mate started. 

November 20 


Installation of new G&N computer S/N 
124. Held up by broken bolt. 

CSM mate complete. 

November 21 

- 

Air in ECS WPG system. Must be re- 
serviced. 

November 22 


ECS W/G drain started. 

Broken bolt in computer removed. Com- 
puter removed. Computer removed. 

Computer bolts found to be too soft. 

November 25 

- 

02 .panel removed and *5 02 regulator 
installed. 

November 26 

* 

G&N computer S/N 124 installed. 

November 27 


ECS W/G rcscrvicc complete. 

W/G leak in lower equipment bay (LEB) 
repaired. 

November 29 


S/C power-up and conduct OCP- 
FO-K-0034. 

November 30 


Test scrubbed due to W/G leak 
in ECU. 

December 1 


Decision made to remove ECU. 

December 2 


Drain W/G system. Repair W/G leak 
in LEB. 

December 3 


Removed ECU and shipped to 
Ai Research (A, R). 

December 14 


Started ECU installation. 

December 16 


Completed installation of forward heat 
shield (FHS). 

December 19 


Completed ECU installation. 
Started W / G servicing per OCP- 
FO-K-5518. 

December 21. 

* 

Completed W, G servicing. 

December 27 

- 

Initiated manned (back-up crew). sea level 
run OCP-FO-K-OG34A. 

December 28 

- 

Manned sea level run completed. 
Unmanned altitude run completed. 

December 29 

• 

Started manned (back up crew) altitude run. 

December 30 

- 

Manned altitude run completed. 

January 3, 1967 

■ 

Remove CSM from altitude chamber for 
SPS nozzle installation and SLA mate. 

January 4 

- 

Start CSM /SLA mate 

January 6 


New quads “A" and "D" installed due 
to minor damage in original quad en- 
gine nozzle. 

Moved to LC 34 and mated to launch 
vehicle. 

January 7 

- 

Launch vehicle pull test completed. 
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January 10 


January 11 
January 12 


January 13 

January 14 
January 15 

January. 16 
January 17 
January 18 

January 20 


January 21 
January 23 


January 24 


January 26 


January 27 


Solenoid valve on cyclic accumulator no. 1 
replaced. 

Perform OCP-FO-K-0039 GSE 
interface test. 

Start circuit interrupter test. 

Main DSKY replaced due to burned out 
light on numeral. 

Removed panel 31 and replaced suit 
pressure meter. 

Circuit interrupter, test completed. 

Start combined systems test 
OCP-FO-K-0005. 

Start F/C cryogenic loading test, 
OCP-FO-K-4736. 

OCP-FO-K-0005 completed. 

Launch escape system (LES) 
mate completed. 

S/C powered up for trouble shooting. 
OCP-FO-K-4736 completed. 

Electrical mate, OCP-FO-K-0004, 
started and completed. 

Plugs in, integrated test, OCP-FO-K-OOQ6 
dry run without HFLT started and com- 
pleted. 

Potting of panel no. 12 initiated. 

02 purge valve on F/C no. 1 replaced. 
Potting on panel no. 12 reheated. Still 
not properly cured. Installed for test. 
Circuit interrupters between CM/SM 
opened in search of missing test spacer 
which ^events damage to the o-ring in 
the connector during test (not found in 
interrupters). 

Repair pyro battery wire. 

MCCH interface test, OCP-FO-K-OG45, 
started and completed. 

Pyro connector repaired. 

Water flush test completed. 

S C power-on troubleshooting in work. 
YAW EGA replaced due to electronic 
anomaly and new one retested. 

Started replacing DSEA connector. 
OCP-FO-K-0006 completed. 

DSEA connector replacement completed. 
Plugs out, OAT, OCP- FO- K-0021 - 1 
started. 


3. SEQUENCE OF EVENTS 

a. START OF PLUGS OUT TEST TO 23:30:(X) GMT 

The following is the time line for plugs out. OAT, OCIMTTK- 0021-1, January 27, 1967: 
12:53 GMT * S C bus powci up. 

13:21) GMT - S C subsystems activation and systems test. 

14:50 GMT * ECSsystcms test started. 

16:00 GMT • 13 hours and hold for 1 hour for ECS. 

ECS had trouble with 02K bottle hookup 
through GSE into pneumatically operated 
disconnect at service module 
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17:00 GMT 
17:05 GMT 
18:00 GMT 

18:09:56:5 GMT 
18:30 GMT 

19:25 GMT 

19:40 GMT 

19:45 GMT 

20:00 GMT 

21:00 GMT 

21:15 GMT 
21:50 GMT 

22:40 GMT 
22:45:15:5 GMT 

22:45:28 GMT 

22:46:45:9 -GMT 
22:46:51:2 GMT 

22:47:33 GMT 

22:53 GMT 

23:10:00 GMT 
23:15:00 GMT 
23:20 GMT 


ECS test completed. 

Started pre-ingress switch checklist. 
Command Pilot ingress. When Command 
Pilot changed over from the closed loop 
ventilator to S/C ECS, he said there 
was an odor in the systems like “sour 
milk." Continued with Pilot and Senior 
Pilot ingress. 

SRP hooks up to communications cables 
after ingress and biomed data becomes 
available. 

Begin hold for odor in suit loop. Bendix 
support called for to supply evacuated 
"watermelon" to take samples of suit 
circuit loop. Sample taken during hold. 
Picked up count and performed suit circuit 
checks. 

Post- ingress switch checklist performed si- 
lently by flight crew. 

Inner hatch installed and started cabin 
purge and leak check. 

Start emergency detection system (EDS) 
test . 

EDS test complete. Start abort request 
checks. 

Abort request checks complete. 

Cabin purge and teak check complete. 
Start outer hatch and boost protective cover 
(BPG) installation. Could not properly 
latch BPC hatch. 

Hold for communications problems. 
Proceed with terminal count functions where 
communications allowed. 

SRP disconnects his communication 
cables and gives to CMD. This is done 
in an effort to isolate the communications 
problem. 

CMD hooks up 1 to SRP cables and runs 
communications check. 

CMD disconnects from SRP cables. 

SRP reconnects to communications cables 
and re-establishes biomed data. 

CMD reconnects to his own communi- 
cations cables. 

Approximate time CMD replaced cobra 
cable. 

Start simulated SM-RCS static fire. 
Complete static fire. 

Completed all terminal count functions 
up to transfer to internal power. Hold 
at 1-10 minutes for communications 
problems. 


b. 23:30:00 GN1T TO LOSS OF DATA 

Figure 3-1 shows the significant sequence of events lime line ,i> gathered horn the recorded 
data. Figures T2 though 3 H represent the actual recorded data. 
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The illustrations contained in this section ate direct reproductions of the direct-write recordings 
made through the ACE S/C ground station decommutator. No smoothing techniques have been 
employed. However, during the last 5 seconds before final LOS three additional losses of data 
occurred. At these times the PCM wavetrain recovered as much as a second before the ACE 
decommutator was able to reacquire synchronization. In order to provide information during 
the portion of this time when the wavetrain was available but the decommutator not in synchro- 
nization, manual data reduction was employed. 

4. SYSTEM 

a. INSTRUMENTATION 

(1) , INSTRUMENTATION CONFIGURATION 

Deviations from standard launch configuration were as follows: 

(a) . The transducer for measuring battery compartment manifold pressure, CC0188P (0 to 
21.3 psia), was not installed in the port in the manifold. However, the instrument was 
electrically connected and stowed, and in this configuration provided a measure of cabin 
pressure. 

(b) . Batteries A- and B. case temperature measurements,. CC0178T and CC0179T, were 
not connected. 

(c) . S/M - adapter separation monitor A, SS0120X, was inoperative at the time of the 
test. Refer to S/C DR No. 932. 

(d) ., The gas chromatograph was not installed. 

(e) . Elapsed time indicators were installed on the PCM packages, the central timing equip- 
ment and the signal conditioning equipment. These indicators were to be removed 
prior to flight. 

(2) SYSTEMS DESCRIPTION 

(a) . The engineering data used for the determination of the sequence of events was ex- 
tracted via the. spacecraft instrumentation system. The mechanism for accomplishing this 
task involves sensing S/C physical parameters, converting the parameters into varying 
direct current electrical signals, sequentially sampling the signals and then converting these 
signals into binary coded words which are transmitted for recording and display (see 
Figure 4.1-1). The basic hardware used includes sensors, signal conditioners, and the pulse 
code modulation system.. 

(b) . The pulse code modulation system (PCM) samples the various sensors and signal 
conditioners in the S/C and encodes the infoimation for transmission. The PCM basically 
is a . number . of electronic input switches and an encodei, all of which ate. controlled 
by a progiammer. The input switches, thiough ptogrammer control, are sampled se- 
quentially with each sample period being 15 microseconds. The voltage passed thiough 
the switch duiing the sampling time is then converted by the encoder into an 8-bit, binary 
word of 156.25 microseconds duration. This results in each switch being sampled se- 
quentially in 156. 25- microsecond time increments. The number of, times per second each 
input switch is sampled is controlled by the programmer. Programmed sampling rates 
are 200, 100, 50, 10 and 1 samples per second. The end result of this operation is a 
serial stream of data consisting of 6400 eight-bit binary words per second. The serial word 
stream is then transmitted to an area to be decoded, recorded and displayed (see 
Figure 4.1-2). 

(c) . A list of all active instrumentation parameters which were being monitored during 
OCP-FO-K-0021, S/Y Plugs Out Integrated Test, is presented in Table 4.1-2 and an 
explanation is given in Table 4.1-1. 

(3). COMMENTS ON DATA 

Data quality was good except for three confirmed dropouts of the onboard PCM system at 
the following times (all GMT): 

23:31:17.398 to 23:31:17.659 
23:31:21.018 to 23:31.21.284 
23:31:21.383 to 23:31:21.519 
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These dropouts were confirmed by prime frame count readouts of computer tabulations and strip 
chart recordings made from available data sources. Measurements with sampling rates of one and ten 
per second did not show good data on strip charts for one full second following the 23:31:17.398 
GMT dropout, because after system recovery at 23:31:17.659 GMT the PCM prime frame counter 
picked up one count. Data are read from a digital frame dump in this period by reading the- prime 
frame count and subtracting one for proper prime frame identification. 


(a). DATA SOURCES 

Four data sources were available (See Figure 4.1-2): 

1. 51.2 kilo-bit bi-phase hard line data (S/C PCM) 

2. 204.8 kilo-bit interleaved data (S/C and GSE PCM’s) 

3. 51.2 kilo-bit NRZ PCM data via the S/C very high frequency/ frequency modu- 
lated (VHF/FM). transmitter. (S/C PCM) 


4. 51.2 kilo-bit NRZ data via the S/C S-band transmitter (S/C PCM). The VHF/FM 
and 41.2 kilo-bit bi-phase hardline sources were used here for data purposes- since 
those sources showed fewer dropouts and bit errors than the interleaved data, and 
since trouble with the ground stations made data from, the S-band link practi- 
cally unusable. 


(b). CABIN PRESSURE FROM BATTERY MANIFOLD PRESSURE 

The pressure sensor for the battery' manifold pressure measurement, CC0188P, was 
electrically connected to a signal conditioner. The sensor was not mounted to the battery 
manifold to avoid possible damage to the sensor during battery removals and installations. 
The port of the battery manifold in which the sensor was to be mounted was plugged. 
The sensor and coiled wire were wrapped in a plastic bag. and stowed in an area under 
the battery mounting shelf between the shelf and the floor of the S/C. In this configur- 
ation, the instrument sensed cabin pressure. The upper limit of the sensor, 21.3 psia, 
was reached at 23:31:18.518 GMT. 


(c). BATTERY CASE TEMPERATURES 

The battery Aand B case temperature measurements, CC0178T (battery A) and 
GC0179T (battery B),, were .not active. The sensors are installed only on flight batteries, 
and since test batteries were used, no sensors were available. The signal conditioners 
for these measurements and associated wiring were installed. The two sensor connectors 
were packed in individual plastic bags, the wire cc d and stowed in the same area 
with the battery manifold pressure sensor. The output of the two measurement points 
was reviewed and found never to deviate from a full scale reading which, in this case, 
is normal. 


(d). DATA DROP-OUTS 

At 23:30:54.85 GMT a drop-out of the detected PCM signal from the S/C VHF/FM 
transmitter was noted. However, the hardline signal from the PCM system showed no 
change in any way; this is confirmed by all playback data from the hardline sources. 
Thus, no data interruption at this time was experienced. 
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TABLE 4.1-1 

MEASUREMENT IDENTIFICATION 


The measurement identification consists of seven characters: two letters followed by four numbers 

and one letter. 


Discrete number 


Functional System Code 
(Structures) 

Module code 


CA9099S 


Measurement Classification 
(Strain) 


The first letter (module code) designates the measurement location by module. 


A Adapter 
B Booster 

C Command module 
L Launch escape tower 
S Service module 

The second letter (functional subsystem code) denotes the subsystem within which the measurement 
originates. 


A Structures 
C Electrical power 
D Master events sequence controller 
E Earth landing sequence controller 
F Environmental control 
G Guidance and navigation 
H Stabilization and control 
J Crew equipment 
K Flight technology 
P Service propulsion. 

R Reaction control 

S Launch vehicle emergency detection 
T Communications and instrumentation 

Characters three through six arc numbers assigned sequentially or grouped for clarity within each 
system. The seventh character, a letter, denotes measurement classification as follows: 


A Acceleration 
B Phase 
C Current 
D Vibration 
E Power 
F Frequency 
G Force 

H Position, Attitude 
J Biomedical 
K Radiation 
L Velocity 
M Mass 


N Camera 
P Pressure 
Q Quantity 
R Rate 
S Strain 
T Temperature 

V Voltage 
W Time 

X Discrete event 

Y Acoustical 
Z pH -acidity 


j 
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TABLE 4.1-2 ACTIVE PCM MEASUREMENTS FOR S/C 012 


SUBSYSTEM STRUCTURES 


meas. id measurement description 


C. A 1502 T TEMP SIDE HS BOND LOC A 
C A 1505 T TEMP SIDE HS BOND LOC B 
C A1509 T TEMP SIDE HS BON’D LOC C. 

C A5480 T TEMP AFT HS LOC. l-A 
C \548l T TEMP AFT HS LOC LB 
C A5482 T TEMP AFT HS LOC 1C 
C. A5483 T TEMP AFT HS LOC I D 
C A5484 R FLUX AFT HS LOC 1-4 
C A5490 T TEMP AFT HS LOC 2- A 
C A5491 T TEMP AFT HS LOC 2-B 
C A5492 T l'EMP AFT HS LOC 2-C 
C. A5493 T TEMP AFT HS LOC. 2 D 
C A5494 R FLUX AFT HS LOC 2 
S A2361 T TEMP SECT 6 IN SURF 
S A2364 T TEMP SECT 3 FUEL TANK SURF 
S A2363 T l'EMP SECT 6 FUEL TANK Sl'RF 


SAMPLE 


RATE 

LOW 

1 S/S 

*260 

1 s/s 

-260 

1 s/s 

■ 260 

1 s/s 

-100 

1 s/s 

-100 

1 s/s 

-100 

1 s/s 

-100 

1 s/s 

0+150 

1 s/s 

-100 

1 s/s 

-100 

1 S/S 

-100 

1 S/S 

-100 

1 S/S 

0 

\ S/S 

-100 

1 s/s 

-100 

1 SrS 

-100 


SUBSYSTEM ELECTRICAL POWER 


DATA RANGE 
HIGH 


+600 
+600 
+600 
+4000 
+4000 
+ 1600 
+ 1000 
B/ + 150 
+4000 
+ 1600 
+900 
+ 1000 
+ 100 
+ 200 - 
+ 200 
+200 


UNITS 


DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
B/F/S 
DEG F 
DEG F 
DEG F 
DEG F 
B/F/S 
DEG F 
DEG F 
DEG F 


C CO 175 T TEMP STATIC INVERTER 1 
C 00173 T TEMP STAT IC INVERTER 2 
C 00177 T TEMP STATIC INVFRTER 3 
C C0178 T T EMP BAFT ERY A CASE 

C 00179 T TEMP BATTERY B CASE 
C. CO 188 P PRESS BAIT COMPARTMENT (MAN1H 
O C0200 V AC. VOLTAGE MAIN BUS i PHASE A 
OC0201 V AO VOLTAGE MAIN BUS l PHASE B 
C 00202 V AC VOLT AGE MAIN BUS ' PHASE C 
O. 0.0203 V AC. VOLTAGE MAIN BUS 2 PHASE A 
C G0204 V AG VOLTAGE MAIN BUS 2 PHASE B 
O C0205 V AC VOLTAGE MAIN BUS 2 PHASE O 
c: 00200 V DO VOLTAGE MAIN BUS A 
C C0207 V DO. VOLTAGE MAIN BUS B 
C 00210 V DO VOLTAGE BATTERY BUS A 
O 00211 V DO VOLTAGE BATTERY BUS B 
C C0212 V 1)0 VOL l AGE POST LANDING BTRY 
O 00213 F FREQUENCY AC : BUS l PHASE A 
C C0214 V DO VOLTAGE BA FT CHARGER OL I 
C 00217 F FREQUENCY AC BUS 2 PHASE \ 
c C 10222 O DO CURRENT BATT ERY A 
O 00223 O DO CURRENT BA TTERY B 
O 0.0224 O DO CURRENT POST LANDING BTRY 
(■ (*0232 V DO VOLTAGE BATTERY RELAY Bl S 
S 02060 P N2 PRESSURE K O 1 REGULATED 
S C2061 P N2 PRESSURE F ('• 2 PECULATED 
S C2062 P N2 PRESSURE T C3 REGULATED 
S O20()tt P 02 PRESSURE T O I REGULATED 
S 02067 P 02 PRESSURE K C 2 REGULA TED 
S (.2068 P 02 PRESSURE I' O 3 REGULATED 
S 02W>9 P 112 PRE>>URE E O 1 REGULATED 
S 0.2070 P 112 PRESSURE !•' C. 2 REGL I. AT ED 
S 02071 P 112 PRESSURE!-' U * REGULATED 
S G2081 I TEMP I IT GON1) EXHAUST 
S 02082 T TEMP 1 C. 2 C.< >\D EXIIAl ST 
S 02083 t T'iAIP I' O 3 (OND !'XII \UST 
s C2084 1 TEMP I Cl 'KIN 
S ( :208 1 I TEMP F c 2 S KIX 
s ( 2086 1 TEMP I i ' >KIN 


1 s/s 

+ 32 

1 s.s 

+ 32 

1 s/s 

+ 32 

10 S/S 

0 

10 s/s 

0 

10 S/S 

0 

10 S- ; S 

0 

10 S/S 

0 

10 S/S 

0 

10 S/S 

0 

10 S)S 

0 

10 S/S 

0 

10 s/s 

0 

*0 S/S 

0 

10 S/S 

0 

10 s s 

0 

10 s s 

0 

! S S 

+ 380 

10 s.s 

0 

1 ss 

+ 380 

10 S s 

0 

1 s/s 

0 

10 s.s 

0 

10 s,s 

0 

1S,S ’ 

0 

1 s s 

0 

l s s 

0 

10 s s 

0 

to s s 

0 

10 s s 

0 

10 ss 

0 

10 s s 

0 

10 s s 

0 

1 s s 

+ 150 

1 s s 

+ 150 

1 s s 

+ 150 

1 s s 

+20 

1 s s 

+ 20 

1 s s- 

+ 20 


+248 DEG F 

+248 DEG F 

+248 DEG F 

+ 250 DEG F 

+250 DEG F 

+20 PS1A 

+ 150 VAC 

+ 150 VAC 

+ 150 VAC 

+ 150 VAC 

+ 150 VAC 

+ 150 VAC 

+45 VDC 

+45 VDC. 

+45 VDC 

+45 VDC 

+45 VDC 

-i-420 CPS 

+45 VDC 

+420 C.PS 

+ 100 AM P 

+ 100 AMP 

+ 100 AMP 

+ 45 VDC 

+ 75 PSIA 

+ 75 PSIA 

+ 75 PSIA 

+ 75 PSIA 

+ 75 PSIA 

+ 75 PSIA 

+ 75 PSIA 

+ 75 PSIA 

+ 75 PSIA 

+ 250 DEG F 

+250 DEG F 

+250 DEG F 

+550 DEG F 

+550 DEG F 

4.550 de:g f 
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; C2087 1 
; C2088 1 
i C2089 1 
i C2113 ( 

> C2114 ( 

> C2115 ( 
5 C2120 : 
S C2121 : 
S C2122 : 
$ C2125 : 
S C2126 : 
5 C2127 
S C2139 
S C2140 
S C2141 
S C2142 
S C2143 
S C2144 
S 02160 
S C2161 
S 02162 
S 02323 
S 02324 
S C2325 


' TEMP FC 1 RADIATOR OUTLET 

* TEMP FC 2 RA D1ATOR OUTLET 
' TEMP FC 3 RADIATOR OUTLET 
: DC CURRENT F/C 1 OUTPUT 

; DC CURRENT F/C 2 OUTPUT 
: DC CURRENT F/C 3 OUTPUT 
; FUEL CELL 1 BUS A DISCONNECT 
C FUEL CELL 2 BUS A DISCONNECT 
; FUEL CELL 3 BUS A DISCONNECT 
< FUEL CELL 1 BUS B DISCONNECT 
£ FUEL CELL 2 BUS B DISCONNECT 
£ FUEL CELL 3 BUS B DISCONNECT 
£ FLOW RATE H2 F/C 1 

* FLOW RATE H2 F/C 2 

* FLOW RATE H2 F/C 3 
£ FLOW RATE 02 F/C 1 
R FLOW RATE 02 F/C 2 
R FLOW RATE 02 F/C 3 

X PH FACTOR WATER CONDITION F/C 1 
X PH FACTOR WATER CONDITION F/C 2 
X PH FACTOR WATER CONDITION F/C 3 
X FUEL CELL 1 SHUT OFF MON 
X FUEL CELL 2 SHUT OFF MON 
X FUEL CELL 3 SHUT OFF MON 


1 S/S 

1 s/s 
1 s/s 
10 s/s 
10 s/s 
10 s/s 
10 s/s 
10 s/s 
10 s/s 
10 s/s 

10 S/S 

10 s/s 
10 s/s 
10 s/s 
10 s/s 

10 S/S 

10 s/s 
10 s/s 
10 s/s. 
10 s/s 
10 s/s 
10 s/-s 
10 s/s 

10 S/S 


*50 

•50 

•50 

0 

0 

0 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

0 

0 

0 

0 

0 • 

0 

NORMAL 

NORMAL 

NORMAL 

CLOSE 

CLOSE 

CLOSE 


+ 300 
+ 300 
+ 300 
+ 100 
+ 100 
+ 100 
ON 
ON 
ON 
ON 
ON 
ON 
+ 0.2 
+ 0.2 
+ 0.2 
+ 1.6 
+ 1.6 
+ 1.6 
HIGH 
HIGH 
HIGH 
OPEN 
OPEN 
OPEN 


SUBSYSTEM MASTER EVENTS SEQUENCE CONTROLLER 


: D0002 X LES ABORT INITIATE SIGNAL A 
: D0005 V DC VOLTAGE PYRO BUS A 
: D0006 V DC VOLTAGE PYRO BUS B 
! D0023 X CM-SM SEP RELAY CLOSE A 
: D0024 X CM-SM SEP RELAY CLOSE B 
1 D0037 X ELS SEU START RLY CLOSE A 
: D0038 X ELS SEU START RLY CLOSE B 
: D0044 X BOOSTER CUT-OFF SIG A 
: D0062 X LES ABORT INITIATE SIGNAL B 
: DO 105 X LES ABORT INITIATE SIGNAL B 
: 1) 0105 X TWR JETTISON A 
; DO 106 X TWR JETTISON B 
- DO 120 X CANARD DEPLOY A 
:: 1)0121 X CANARD DEPLOY B 
DO 125 X . ADAPT. SM SEP INITIATE. A 
:: 1)0126 N ADAPT* SM SEP INITIATE B 
l: 1)0127 X ADAPT SEPARATION A 
0 1)0128 X ADAPT SEPARATION B 
0 . DO 130 X HAND CONTROLLER INPUT A 
O 1)0131 X HAND CONTROLLER INPUT B 
O D0132 X EDS ABORT LOGIC’. IN NO l 
C DO 133 X EDS ABOR T LOGIC IN NO 2 
C DO 134 X EDS ABOR T LOGIC IN NO 3 
C; 00135 X EDS ABOR T LOGIC OUT A 
('. DO 136 X EDS ABORT LOGIC: OUT B 
c: 1)0140 X DIRECT ULLAGE ON A 
c: D0141 X DIREC T ULLAGE ON B 
C D0170 X RUS ACTIN’ ATE SIG A 
C 00171 X RUS ACTIVATE SIG B 
C D0U*3 X CM RUS PRESS SIG A 
C 1)0174 X CM RUS PRESS SIG B 
c: D0200 V DC BOM AGE LOGIC BUS A 
C 00201 V DC VOLTAGE LOGIC BUS B 
t: 1)0230 X I WI) Hs JETTISON \ 
c O02.U x fwd ns jettison b 

C 1)0315 X EDS EN \BLE A 
C 1)0316 X EDS ENABLE R 
<• DKNKi \ EES MOTOR INI HATE A 
c |)in«7 X E!> MOTOR SM El VIE B 


10 S/S 
10 S/S 
10 S/S 
10 S/S 
10 S/S 

10 s/s 
10 s,s 
10 s.s 

10 S/S 

10 s s 

10 S/S 
10 S, S 
10 S/S 
10 S/S 
10 S/S 

10 s s 
10 s.s 

10 S/S 
10 S ; S 
10 s.s 
10 s s 
10 s s 
10 s s 
10 s.s 
10 s.s 
10 s s 
10 s.s 
10 s s 
10 s s 
10 s s 
10 s.s 
10 s s 
10 s s 
10 s s 
10 s s 
10 s s 
10 s s 
10 s s 
10 s s 


OFF 

0 

0 

OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OKI- 
OFF 
OFF 
OFF 
OFF . 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
+ 22 
^22 
OIF 
OFF 
OFF 
OFF 
OFF 
OFF 


DEG F 

DEG F 

DEG F 

AMP 

AMP 

AMP 

EVENT 

EVENT 

EVENT 

EVENT 

EVENT 

EVENT 

LB/HR 

LB/HR 

LB/HR 

LB/HR 

LB/HR 

LB/HR 

EVENT 

EVENT 

EVENT 

EVENT 

EVENT 

EVENT 
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SUBSYSTEM EARTH LANDING. SEQUENCE CONTROLLER . 


C F.OOOl \ DROGUE DEPLOY RELAY CLOSE A 

10 s/s 

OFF 

ON 

EVENT 

C E0002 X DROGUE DEPLOY RELAY CLOSE B 

10 S/S 

OFF 

ON 

EVENT 

C E0003 X MAIN CHUTE DEPL-DRG REI. RLY A 

10 s/s 

OFF 

ON 

EVENT 

C E0004 X MAIN CHUTE DEPL-DRG REL RLY B 

10 s/s 

OFF 

ON 

EVENT 

C E0007 X BARO S\V LOCK-IN RLY CLOSE A 

10 S/S 

OFF 

ON 

EVENT 

C E0008 X BARO S\V LOCK-IN RLY CLOSE B 

10 S/S 

OFF 

ON 

EVENT 

C E0035 P BAROMETRIC PRESS STATIC REF 

1 S/S 

0 

+15 

PSIA 

C E0321 X MAIN CHUTE DISCONNECT RELAY A 

10 s/s 

OFF 

ON 

EVENT 

C E0322 X MAIN CHUTE DISCONNECT RELAY B 

10 s/s 

OFF 

ON 

EVENT 

SUBSYSTEM ENVIRONMENTAL CONTROL 



C F0001 P PRESSURE CABIN 

1 s/s 

0 

+17 

PSIA 

C E0002 T TEMP CABIN 

1 S/S 

+40 

+ 125 

DEG F 

C F0005 P PRESSURE C02 PARTIAL 

1 S'S 

0 

+30 

MMHG 

C F0006 P PRESS SURGE TANK 

1 S.'S 

+ 50 

+ 1050’ 

PSIA 

C FOODS T TEMP SUIT SUPPLY MANIF 

1 S/S 

+ 20 

+95 

DEG F 

C F0009 Q QUANTITY WASTE WATER TANK 

1 S/S 

0 

+ 100 

PC NT 

C F0010 Q QUAN POTABLE 1120 TANK 

1 s/s 

0 

+90 

PCNT 

C F0012 P PRESS SUIT DEMA ND REG SUPPLY 

1 S/S 

0 

+ 17 

PSIA 

C F0015 P PRESS Sl'lT COMPRESSOR DIFF 

1 s/s 

0 

+ 1 

PSID 

C F0016 P PRESS GLYCOL PUMP OUTLET 

1 s/s 

0 

+60 

PSIA 

C F0017 T TEMP GLYCOL FA'AP OUTLET STREAM 

1 s/s 

+20 

+95 

DEG 

C F0018 T TEMP GLYCOL FA’AP OUTLET LIQUID 

1 s/s 

+25 

+75 

DEG F 

C F0019 Q QUANTITY GL\ COL ACCL'M 

1 S/S 

*10 

+ 100 

PCNT 

C F0020 T TEMP SPACE RADIATOR OUTLET 

1 S/S 

-50 

+ 100 

DEG F 

C: F0025 P PRESS PUMP PACKAGE INLE T 

50 S/S 

0 

+75 

PSIA 

S F0030 Q QUANTITY 112 TANK 1 

1 S/S 

0 

+25 

LB 

S F003I Q QUANTITY 112 TANK 2 

1 s/s 

c 

+ 28 

LB 

S F0032 Q QUANTI TY 02 TANK 1 

1 s,s 

0 

+ 320 

LB 

S F0033 Q QUANTITY 02 TANK 2 

1 s,s 

0 

+ 320 

LB 

C F0034 P BACK PRESS GLYCOL l’A'APORATOR 

10 s/s 

+ 0.25 

+0.25 

PSIA 

C F0035 R FLOWRATE ECS 02 

1 S/S 

+ 0.2 

+ 1.0 

LB/HR 

C F003b P PRESS OU TLET 02 REG SUPPLY 

1 S/S 

0 

+ 150 

PSIA 

S F0037 I> PRESS 02 TANK 1 

1 S/S 

+50 

+ 1050 

PSIA 

S F0038 P PRESS 02 TANK 2 

1 S/S 

+50 

+ 1050 

PSIA 

S F0039 P PRESS 112 TANK 1 

1 S/S 

0 

+ 350 

PSIA 

S F0041 T TEN! I’ 02 TANK 1 

1 s.s 

-325 

+60 

DEG F i 

S F0042 T TEMP 02 TANK 2 

1 S/S 

*325 

+80 

DFG F ‘ 

S F0043 T TEMP 112 TANK 1 

1 s,s 

•425 

-200 

DEG F 

S F0044 T TEMP 112 TANK 2 

1 s.s 

-425 

o 

© 

CM 

DEG F 

C Ft) 120 P PRESS 1120 AND GLYCOL TANKS 

1 s, s 

0 

+50 

PSIA 

C F0135 R FLOW R \IT. M AN INLET TO SUIT 1 

1 s.s 

0 

+ 25 

LB/HR 

C FO 1 3h R FLOW RATE MAN INLET TO SUIT 2 

1 s s 

0 

+ 25 

LB/HR 

C F0137 R FLOW K YTL MAN INLET TO SUIT 3 

1 s.s 

0 

+25 

LB/HR 

C 10148 P DP Sl'PPlA \Nl i RETURN MAN 

1 s s 

0 

+0.8 

PSID 

C TO 153 T TEMP COMPRESSOR INLE T 

1 s s 

0 

+ 200 

DEG F 

C TO 184 T TEMP 002 ABSORBER Dl l LET 

1 s s 

+ 90 

+ 200 

DEG F 

C T024.5 T TEMP 02 REG INLET 

1 s s 

-50 

+ 150 

DEG F 

C F032t> P PRl>s POI'UU.r 1 120 TANK DRAIN 

1 s s 

0 

+ 50 

PSIA 

C F0327 P PKI.S" WAS 1 E 1120 IANK DRAIN 

1 s s 

0 

+ 50 

PSIA 

C F0481 T 1 IMP GP HR 1 INLET 

1 s s 

+40 

+ 150 

DEG F 

C K0482 T TEMP CT HR 1 OUTLET 

1 s s 

+ 40 

+ 150 

DEG F 

C F0483 T TEMP CP HR 2 INLET 

1 s.s 

+ 40 

+ 150 

DEG F 

C F0484 T TEMPCP HR 2 INLET 

1 s,s 

+ 40 

+ 150 

BEG F 

C 1-0549 T 1)111 PRESS OOI.DPI.ATT. BR 1 

1 s, s 

0 

+ 2.0 

PSID 

C. TO 5 50 I’ DIM' PRESS ( Ol. DPI. A PE HR 2 

1 s s 

0 

+ 10 

PSID 

S TOO!. 5 '' I I Mp sp\c| R \D1 \TOR INLET 

1 s s 

+ 60 

+ 150 

DEG F 

SUBSYSTEM GUIDANCE AND NAVIGATION 



C ( >0001 \ ' OMPI ILK DU.IIAL DM \ 40 BITS 

50 s S 




C (illol \ 28 \ In si PHI Y 

ID S-S 

0 

•35 

YDC 

<: ( I II lo \ 2 5 \ in i \i HI 

1 s * 

0 

+ 5 

VDC 
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C G1503 X IMU +28 VDC OPERATE 
C G1513 X IMU +28 VDC STANDBY 
C G1523 X AGC +20 VDC 
C G1533 X OPTX +28 VDC 
C G2I10 V IGA TORQUE MOTOR INPUT 
C G21 12 V IGA IX RES OUTPUT SINE IN PHASE 
C G2113 V IGA IX RES OUTPUT COS IN PHASE 
C G2I17 V IGA SERVO ERROR IN PHASE 
C G2I40 V MGA TORQUE MOTOR INPUT 
C G2142 V MGA IX RES OUTPUT SINE IN PHASE 
C G2143 V MGA IX RES OUTPUT COS IN PHASE 
C G2L47 V MGA SERVO ERROR IN PHASE 
C G2170 V OGA TORQUE MOTOR INPUT 
C G2I72 V OGA IX RES OUTPUT SINE IN PHASE 
C G2173 V OGA IX RES OUTPUT COS IN PHASE 
C G2177 V OGA SERVO ERROR IN PHASE 
C G2206 V IGA CDU IX RES ERROR IN PHASE 
C G2236 V MGA CDU IX RES ERROR IN PHASE 
C G2266 V OGA CDU iX RES ERROR IN PHASE 
C G230O T PI PA TEMP 
C G2301 T IRIG TEMP 
C G2302 C IMU HEATER CURRENT 
C G2302 C IMU BLOWER CURRENT 
C G3102 V SXT TRUN MOTOR DRIVE IN PHASE 
C G3112 V SXT SHAFT MOTOR DRIVE IN PHASE 
C G3133 V SCT TRUN MOTOR DRIVE 
C G3141 V TRUN CDU 16X RES ERROR IN PHASE 
C G3200 V TRUN CDU MOTOR DRIVE IN PHASE 
C G3220 V SHAFT CDU MOTOR DRIVE IN PHASE 
C G4300 T AGC TEMP MONITOR 
C G5000 X PI PA FAIL 
C G5001 X IMU FAIL 
C G5002 X CDU FAIL 
C G5003 X GIMBAL LOCK WA RN1NG 
C G50O5 X ERROR DETECT 
C G50O6 X IMU TEMP LIGHT 
C G50O7 X ZERO ENCODER LIGHT 
C G50O8 X IMU DELAY LIGHT 
C G5020 X AGC ALARM 1 (PROGRAM) 

C G5021 X AGC ALA RM 2 (AGC ACTIVITY) 

C G5022 X AGC ALARM 3 (TM) 

C G5023 X AGC ALA RM 4 (PROG CK FAIL) 

C C5024 X AGC ALARM 5 (SCALAR FAIL) 

C G5025 X AGC ALA RM 6 (PARITY FAIL) 

C G5026 X AGC ALARM .7 (COUNTER FAIL) 

C G5027 X AGC ALARM 8 (KEY RELEASE) 

C G5028 X AGC ALARM 9*(RUPT LOCK) 

C G5029 X AGC ALARM 10 (TC TRAP) 

C G5030 X COMPUTER POSER FAIL LIGHT 
C G6000 P IMU PRESSURE 
C G6020 T PSA TEMP 1 TRAY 3 
C G6021 T PSA TEMP 2 TRAY 2 
C G6022 T PSA TEMP 3 TRAY 4 


C H0024 R. PITCH RATE 

C H0025 V PITCH MAN ROTATION CONTROL 
C H0034 H PITCH POS FEEFBACK IN 
C H0047 C PTV DIFF CLUTCH VOLTS COMBINER 
C H0050 R PITCH RATE ERR AMP OUT 
C H0067 V P INTEGRATOR ATT ERROR SUMMING 
C H0074 V MTYC PITCH RATE 
C H0075 H PITCH SCS ATT ERROR 
C H0087X + PITCH +X SOLENOID DRIVER OUT 
C H 0088 X PITCH. + X SOLENOID DRIV ER OUT 


10 S/S 
10 S/S 
10 S/S 
10 S/S 
10 S/S 

10 s/s 
10 S/S 

100 s/s 

10 S/S 

10 s/s 
10 S/S 
100 S/S 
10 S/S 
10 s/s 
10 s/s 

100S/S 
10 A/S 
10 S/S 

10 s/s 

1 S/S 
1 S/S 

1 s/s 

1 S/S 
10 S/S 

10 s/s 

10 S/S 
10 S/S 
10 S/S 
10 S/S 

1 s/s 

10 S/S 

10 s/s 

10 S/S 

10 s/s 

10 S/S 

10 s/s 


OFF 

OFF 

OFF 

OFF 

•8 

0 

45 DEG 
0 
•8 
•45 
45 
0 
•8 
•45 
45 
•5 
•8 
•8 
•8 
125 
128. 

0 
0 
5 
5 
5 

50 
5 
-5 
20 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 


ON 
ON 
ON 
ON 
+8 
+50 
135 
0.5 
+ 8 
+45 
135 
0.5 

t-8 

+45 
135 
+ 5 
+8 
+8 
+ 8 
135 
137 

+5.000 
+ 5.000 
+ 5 
+5 
+ 5 
+ 50 
+5 
+5 
220 
ON 
ON 
ON 
ON 
ON 
ON 


EVENT 

EVENT 

EVENT 

EVENT 

VDC 

DEG 

DEG 

VRMS 

VDC PSA 

D p S 

DE 

VRm. 

VDC 

DEG 

DEG 

VRMS 

VRMS 

VRMS 

VRMS 

DEG F 

DEG F 

AMP 

AMP 

VRMS 

VRMS' 

VRMS 

MV RMS 

VRMS 

VRMS 

DEG F 

EVENT 

EVENT 

EVENT 

EVENT 

EVENT 

E\ ENT 


10 s/s 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s* 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

1 S/S 

0 

25 

PSV 

1 s/s 

10 

250 

DEG F 

1 s/s 

10 

250 

DEG F 

1 s/s 

10 

200 

DEG F 

NON AND CONTROL 



50 s/s 

•25 

+25 

DEG /SEC 

50 s/s 

•4 

+ 4 

VAC 

50 S/S 

•10 

+ 10 

DEG 

50 S/S 

•800 

+800 

MANP 

10GS/S 

•6 

+6 

DEG/ SEC 

10 s/s 

•2.5 

+ 2.5 

VDC 

50 S/S 

•25 

+25 

DEG /SEC 

10 S/S 

0 

+ 10 

VRMS 

200 S/S 

ON 

OFF 

EVENT 

200 S/S 

ON 

OFF 

EVENT 
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h 
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C H0089 X +PITCH/-X SOLENOID DRIVER OUT 
C H0090 X -PITCH/-X SOLENOID DRIVER OUT 
C H0100 X G-N DV MODE CONTROL 
C H0101 X G-N ATT MODE CONTROL 
C H0102 X G-N ENTRY MODE CONTROL . 

C H0103 X MONITOR MODE CONTROL 
C HI 024 R WAW RATE 

C H1025 V YAW MAN ROTATION CONTROL 
C HI 034 H YAW POS FEEDBACK IN 
C H1047 C YTV DIFF CLUTCH VOLTS COMBINER 
C H1050 R YAW RATE ERR AMP OUT 
C H1067 V Y INTEGRA TOR/ATT SUMMING 
C H1074 R MTVC YAW RATE 
C H1075 H YAW SCS ATT ERROR 
C H1087 X +YAW/+X SOLENOID DRIVER OUT 
C H1088 X -YAW/+X SOLENOID DRIVER OUT 
C H1089 X +YAW/-X SOLENOID DRIVER OUT . 

C H1090 X -YAW /-X SOLENOID DRIVER OUT 
C HI 100 X SCS DV MODE CONTROL 
C HI 101 X SCS ATT MODE CONTROL 
C HI 102 X SCS ENTRY MODE CONTROL 
C H1103 X SCS LOCAL VERTICAL MODE 
C HI 104 X MTVC MODE CONTROL 
C H2015 V COMBINED AG SMRD 
C H2024 R ROLL RATE 

C H2025 V ROLL MAN ROTATION CONTROL OUT 
C H2026 V COMBINED RG SMRD 
C H2030 T COMBINED A TTTITUDE GYRO TEMP 
C H2050 R ROLL RATE ERR A MP OUT 
C H2070 H ROLL ATTITUDE ERROR AMP OUT 
C H2075 H ROLL SCS ATT ERROR 
C H2087 X + ROLL/+Z SOLENOID DRIVER OUT 
C H2088 X -ROLL/ + Z SOLENOID DRIVER OUT 
C H2089 X + ROLL/ -2 SOLENOID DRIVER OUT 
C H2090 X -ROLL/-Z SOLENOID DRIVER OUT. 

C H2091 X +ROLL/+Y SOLENOID DRIVER OUT 
C H2092 X -ROLL/ +Y SOLENOID DRIVER OUT 
C H2093 X +ROLL/-Y SOLENOID DRIVER OUT 
C H2094 X -ROLL/-Y SOLENOID DRIVER OUT 
C H3185 X -05G MANUAL SWITCH 
C H3186 V DV REMAINING POTENTIOMETER OUT 
C H4100 H RESOLVER SIN OUT PITCH ATT 
C K4101 H RESOLVER COS OUT PITCH ATT 
C H4102 H RESOLVER SIN OUT YAW ATT 
C H410 H RESOLVER COS OUT YAW ATT 
C H4104 H RESOLVER SIN OUT ROLL ATT 
C H4105 H RESOLVER COS OUT ROLL ATT. 

C H4320 X SPS SOLENOID DRIVER OUT 1 
C H4321 X SPS SOLENOID DRIVER OUT 2 

SUBSYSTEM 

C. J0002.J PNEUM SLECTOR SW OUTPUT SIC. 

C J 0066 J EKG AXIS 1 SLL SW OUT SIG 
C J0067 J EKG AXIS 2 SEE SW OUT SIG 
C J0210 X SEL SW POSITION ASTRO 1 
C J0211 X SEL SW POSITION ASTRO 2 
C J0212 X SEL SW POSITION ASTRO 3 


200 S/S 

ON 

OFF 

EVENT 

200 S/S - 

ON 

OFF 

EVENT 

10 S/S 


OFF 

ON 

10 S/S 

OFF 

ONN 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

50 S/S 

•25 

+25 

DEG/SEC 

50 S/S 

0 

5.0 

VRMS 

50 S/S 

•8.5 

+8.5 

VDC 

50 S/S 

•800 

+800 

MAMP 

50 S/S 

•6 

+6 

DEG/SEC 

10 S/S 

•2.5 

+2.5 

VDC 

50 S/S 

•25 

•25 

DEG/SEC 

10 S/S 

0 

10 

VRMS 

200 S/S 

ON 

OFF 

EVENT 

200 S/S 

ON 

OFF 

EVENT 

200 S/.S 

ON 

OFF 

EVENT 

200 S/S 

ON 

OFF 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON - 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

■ 10 s/s 

0 

800 

CPS 

50 S/S 

-25 

+ 25 . 

DEG/SEC 

50 S/S 

0 

+5 

VRMS 

10 s/s 

0 

1600 

CPS 

1 S/S 

0 

5 

VDC 

50 S/S 

-6 

+6 

DEG /SEC 

10 S/S 

-25 

+25 

VDC 

10 s/s 

0 

10 

VRMS 

200 S/S 

ON 

OFF 

EVENT 

200 S/S 

ON 

OFF 

EVENT 

200 S/S 

ON 

OFF 

EVENT 

200 S/S 

OFF 

ON 

EVENT 

200 S/S 

OFF 

ON 

EVENT 

200 S/S 

OFF 

ON 

EVENT 

200 SAS 

OFF 

ON 

EVENT 

200 S/S 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

1QS/S. 

0 

+ -3K. 

FT/SEC 

10 S/S 

•12 


+ 12 

10 S/S 

0 

160 

DEG 

10 s/s 

•12 

+ 12 

VAC 

10 s/s 

•12 

+ 12 

VA C 

10 s/s 

•12 

+ 12 

VAC 

10 s/s 

•12 

+ 12 

VAC 

50 S/S 

OFF 

ON 

EVENT 

50 S/S 

OFF 

ON 

’-'VIA V 

CREW EQUIPMENT 



500 S/S 

•5 

+5 

OHM 

200 S/S 

0.1 

+ 5 

MV 

200 S/S 

0.1 

-5 

MV 

10 S/S 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON 

EVENT 

10 S/S 

OFF 

ON 

EVENT 




SUBSYSTEM SERVICE PROPULSION 


S P0001 P HE TANK PRESS 
S P0002 T HE TANK TEMP 
S P003 P PRESS OXIDIZER TANKS 
S P0005 T TEMP OXIDIZER ENG FEEDLINE 


10 S/S 

0 

+ 5K 

PSIA 

1 S/S 

•100 

+ 200 

DEG 

10 S/S 

0 

+ 300 

PSIA 

10 S/S 

0 

+ 200 

DEG 
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S P0006 P PRESS FUEL TANKS 

10 S/S 

0 

+ 300 

PSIA 

S P008 T TEMP FUEL ENG FEEDLINE 

10 s/s 

0 

+ 200 

DEG F 

S P0009 P PRESS MAIN VLV ENG OXIDIZER IN 

10 s/s 

0 

+ 300 

PSIA 

S P0010 P PRESS MA IN VLV ENG FUEL IN 

10 s/s 

0 

+ 300 

-PSA 

S P0020 T TEMP CHAMBER OUTER SKIN ) 

1 s/s 

0 

+ 500 

DEG F 

S P0022 H POSITION FUEL/OXIDIZER VLV 1. 

10 s/s 

0 

+ 90 

DEG 

S P0023 H POSITION FUEL/OXIDIZER VLV 2 

10 s/s 

0 

+90 

DEG 

S P0024 H POSITION FUEL/OXIDIZER VLV 3 

10 s/s 

0 

+90 

DEG 

S P0025 H POSITION FUEL/OZIDIZER VLV 4 

10 s/s 

0 

+90 

DEG- 

S P0045 T TEMP ENG VLV BODY 

1 s/s 

0 

+250 

DEG F 

S P0048 T TEMP ENG FUEL FEEDLING 

1 s/s 

0 

+ 200 

DEG F 

S P0049 T TEMP ENG OX FEEDLINE 

1 s/s 

0 

+4200 

DEG F 

S P0050 T TEMP NOZZLE CUTER SKIN 1 

1 s/s 

•25 

+ 2500 

DEG F 

S P0054 T TEMP 1 OX DIST LINE 

1 s/s 

0 

-250 

DEG F 

S P0055 T TEMP 2 OX DIST LINE 

50 S/S 

0 

+250 

DEG F 

S P0057 T TEMP 1 FUEL DISTUNE 

50 S/S 

0 

+ 250 

DEG F 

S P0058 T TEMP 2 FUEL DIST LINE 

50 S/S 

0 

+ 250 

DEG F 

S P0060 T TEMP INJECTOR MAN • 

io s/s. 

0 

+200 

DEG F 

S P0600 P ENG VLV A CT SYS TENK PRESS PRI 

1 s/s 

•25 - 

+ 2500 

DEG F 

S P0601 P ENG VLV ACT SYS TANK PRESS SEC 

io s/a 

0 

+ 5000 

.PSIA . 

S P0655 Q QUAN OX TANK 1 PRI-TOTAL AUX 

•1 S-/S 

o. 

+ 16K 

LB 

S P0656 Q QUAN OX TANK 2 

1 s/s 

0 

+ 16K 

LB 

S P0657 Q QUAN FUEL TANK 1 PRI-TOTAL AUX 

1 s/s 

0 

+ 8K 

LB 

S P0658 Q QUAN FUEL TANK 2 

1 s/s 

0 

+ 8K 

LB 

S P0661 P PRESS ENGINE CHAMBER 

100S/S 

0 

+ 150 

PSIA 

S P2054 T TEMP G1MBAL ACTUATOR CASE (YAW) 

10 s/s 

0 

+200 

DEG F 

S P2055 T TEMP GIM3AL ACTUATOR CASE (PITCH) 

1 s/s 

0 

+200 

DEG F 


SUBSYSTEM REACTION CONTROL 


C R000l P HE PRESS TANK A 



1 S/S 

0 

+ 5K 

PSIA 

C R0002 P HE PRESS TANK B 



1 S/S 

0 

+5K 

PSIA 

C R0003 T HE TEMP TA NKS A 



1 S/S 

0 

+ 300 

DEG F 

C R0004 T HE TEMP TANK B 



1 S/S 

0 

+ 300 

DEG F 

C R0005 P PRESS FUEL TANK A 



10 s/s 

0 

+400 

PSIA 

C R0006 P PRESS FUEL TA NK B 



10 s/s 

0 

+400 

PSIA 

C R0011 P PRESS OXIDIZER TANK A 



10 s/s 

0 

+400 

PSIA 

C R0012 P PRESS OXIDIZER 



10 s/s 

0 

+ 400 

PSIA 

C R2201 T TEMP OX VLV CCW ENG SYS A 



50 S/S 

•50 

+ 250 

DEG F 

C R2202 T TEMP OX VLV -Y ENG SYS A 



10 S/S 

•50 

+ 250 

DEG F 

C R2203 T TEMP OX VLV +Y ENG SYS B 



1 s/s 

•50 

+ 250 

DEG F 

C R2204 T TEMP OX VLV -P ENG SYS B 



1 s/s 

•50 

+ 250 

DEG F 

C R2205 T TEMP OX VLV -P ENG SYS A 



50 S/S 

•50 

+ 250 

DEG F 

C. R2206 T TEMP OX VLV C\V ENG SYS B 



1. s/s- 

•50 

+ 250 

DEG F 

C R4561-T TEMP CCW ROLL ENG OUT W’ALL T3 

SYS 

A 

500 S/S 

0 

+ 1000 

DEG F 

C R4382T TEMP. CCW ROLL ENG OUT WALL T3 

SYS 

B 

50 S/S 

0 

+ 1000 

DEG F 

S R5001 P HE PRESS TANK A 



1 S/S 

0 

+ 5K 

PSIA 

S R5002 P HE PRESS TANK B 



1 s/s 

0 

+ 5K 

PSIA 

S R5003 P HE PRESS TANK C 



1 s/s 

0 

+5K 

PSIA 

S R5004 P HE PRESS TANK D 



1 s/s 

0 

+5K 

PSIA 

S R5013 T HE TEMP TANK A 



200 S/S 

0 

+ 150 

DEO ;* 

S R5014 T HE TEMP TANK B 



200 S/S 

0 

+ 150 

DEG F 

S R5015 THE TEMP TANK C 



100 S/S 

0 

+ 150 

DEG F 

S R5016 T HE TEMP TANK D 



1 S/S 

0 

+ 150 

DEG F 

S K5055 Q QUANT ITY SN RCS PROP BITS 1-8 



10 S/S 

0 

+ 70 

LB 

S R5056 Q QUANTITY SN RCS PROP BITS 914 



10 s/s 

0 

+ 140 

LB 

S R5(X>. r > T T EMP ENGINE PACKAGE A1 



1 s/s 

0 

+ 300 

DEG F 

S R50(ifi T TEMP ENGINE PACKAGE B1 



1 s/s 

0 

+ 300 

DEG F 

S R5067 T TEMP ENGINE PACKAGE Cl 



1 s/s 

0 

+ 300 

DEG F 

S R5lXi8 T TEMP ENGINE PACKAGE D1 



1 S/S 

0 

+ 300 

DEG F 

S R5729 P A HE MANIFOLD PRESS 



10 s/s 

0 

+400 

PSIA 

S R5733 P A OXIDIZER MANIFOLD PRESS 



10OS/S 

0 

+ 300 

PSIA 

S R5737 P A FUEL MANIFOLD PRESS 



10OS/S 

0 

+ 300 

PSIA 

S R5776 P B HE MANIFOLD PRESS 



10 S/S 

0 

+ 400 

PSIA 

S R5784 P B FUEL MANIFOLD PRESS 



10OS/S 

0 

+ 300 

PSIA 

S R5817 P C HE MANIFOLD PRESS 



10 s/s 

0 

+ 400 

PSIA 
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S R5821 P D IIE MANIFOLD PRESS 
S R 5322 P C FUEL MANIFOLD PRESS 
S R5823 P D FUEL MANIFOLD PRESS 
S R5830 P D HE MANIFOLD PRESS 
S R7128 T TEMP IN.) HEAD +Y ENG SYS B 
S R7134 T TEMP INJ HEAD C'.OAV ENG SYS A 

SUBSYSTEM LAUNCH VEHICLE 

B S0016 X LAUNCH VEII BUIDANCE FAIL A 
B S0020 X LAUNCH VEH RATE EXCESSIVE A 
B S0030 X ENG NO 1 OUT A 
B S0032 X ENG NO 2 OUT A 
B S0034 X ENG NO 3 OUT A 
B S0036 X ENG NO 4 OUT A 
B S0038 X ENG NO 5 OUT A 
B S0040 X ENG NO 6 OU T A 
B S0042 X ENG NO 7 OUT A 
B S0044 X ENG NO 8 OUT A 
B S0060 X LIFT OFF SIGNAL A 
B-S0061 X LIFT OFF SIGNAL B 
C S0080 X EDS ABORT REQUEST A 
L S0090 X TOWER PIIYS SEPARATION MON- A 
L S0091 X TOWER PIIYS SEPARATION MON B 
C S0100 X CM -CM PHYS SEPARATION MON A 
C S0101 X CM-SM PHYS SEPARATION MON B 
S S0120 X SM, ADAPTER PHYS SEPARATION 
S SO 121 X SM ' ADAPTER PHYS SEPARATION 
C S0150 X MASTER CAUTION WARNING ON 


100 s/s 

0 

+ 300 

PS1A 

100 s/s 

0 

+300 

PS1A 

100S/S 

0 

+300 

PSIA 

10 s/s 

0 

+400 

PSIA 

50 s/s 

0 

+ 500 

PS1 A 

50 S/S 

EMERGENCY DETECTION 

0 

+ 500 

10 S/S 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF ON 

EVENT 


10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON - 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON- 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 


SUBSYSTEM COMMUNICATIONS AND INSTRUMENTATION 


C T0012 X TAPE MOTION MONITOR OPER 
C T0013 X TAPE MOTION MONI FOR R AND D 
CT0015 V SIG CONI) POS SUPPLY VOLTS 
C. TOO 16 V SIG COM) NEC SUPPLY VOLTS 
C TOO 17 V SENSOR EXCITATION 5 VOLTS 
C TOO 18 V SENSOR EXCITATION 10 VOLTS 
C. 10055 V TV CAMERA TARGET VOLTAGE 
C T0089 C-BAND XMTR OUTPU T MONITOR 
C T0098 F C-BAND DECODER OU T 
C TO 108 K. GAS ANALYXIX-SUIT AND CABIN 
C T0120 X PCM BIT RAT E CHANGE 8 BIT 
C. T0125 V PCM III LEVEL 85 PERCENT REF. 

C TO 126 V PCM III LEVEL 15 PERCENT REF 
C T0127 V PCM LO LEVEL 85 PERCENT REF 
C TO 128 V PCAI LO LEVEL 15 PERCENT REF 
C T0141 X CTE TIMING MCDK MONITOR 
C. T0142 F CENTRAL T IMING GMT 32 BIT 
C: T0147 V S-BAND REG AGC. VOLTAGE 
C T0191 V VHF. AM REC AGC VOLTAGE 
C T0212 V S-BA ND REC. STATIC PHASE ERROR . 

C. T0215 V S-BAN1) XMTR DET ECTED RF OUTPUT 
C T0261 V UDl. REC SIGNAL STRENGTH 
C T0262 V UDL SYS VALIDIT Y SIGNAL C-B1T 
C T032O V VHF AM XMT R DEFECT ED RF OUTPUT 
C T0330 V VHF FNt XMTR PA DETECTED RF OUT 
C T0340 N PCM TIMING SOURCE EXT OR INT 


10 s/s 

OFF 

ON 

EVENT 

10 s/s 

OFF 

ON 

EVENT 

10 S/S 

0 

+ 35 

VDC 

10 s/s 

0 

-35 

VDC 

10S/S 

0 

+8 

VDC 

10 s/s 

0 

+ 17 

VDC 

10 s/s 

0 

+500 

FT LN1B 

to S/S 

100 

1300 

PRF 

10 S/s 

lOtt 

1300 

PL: 

10 s/s 

0 

5 

VDC 

1 s/s 



DIGITAL 

10 s/s 

0 

5.0 

VDC 

10 s/s 

0 

5.0 

VDC 

1 S/S 

0 

.040 

VDC 

1 S/S 


.040 

VDC 

10 s/s 

OFF 

ON 

EVENT 

10 S/S 



DIGITAL 

10 S/S 

T30 

-40 

DBM 

10 S/S 

*25 

-r 

— 'A 

10 S/S 

•60K 

+ 60K 

DEV CPS 

10 S/S 

0 

600 

MW 

10 s/s 

-no 

-90 

DBM 

50 S/S 



DIGITAL 

100 S/S 

0 

12 

WATTS 

10 s/s 

0 

18 

WATTS 

10 s/s 

INT 

EXT 

EVENT 
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b. SEQUENTIAL SYSTEMS 

a 'l SEQUENTIAL SYSTEM CONFIGURATION , 

(a! Ordnance was only installed and electrically connected in the forward deck area under the 
forward heat shield. The forward deck harness was disconnected from pyto contl ^ v «^ 
cation box and shorting plugs were installed. All other ordnance which was installed did not 

contain the initiating devices. Drc K( . v . 

(b) The flight connections, which are made to the GSE access connectors o e 

es in order to reset the 61-second time delays during the terminal count EDS test, were not 

»» *. sm pno ** ~- 

trollers in order to terminate -* translation of theSM atCM/SM separation, to prevent SM J«. 
tison battery depletion. 


(2). COMMENTS ON DATA , . . , f oit-io-fiO GMT 

; An analysis of the SC-012 sequential system data for the time . period from 23.12.00 GMT 

through 23:31:17.398 GMT indicates normal system operation during this time. 


At aoDroximately 23:31:12 GMT the battery buses weie switched on the main buses, 
which caused the logic buses to drop to the main bus voltage level. Refer to subsequent 
paragraph c. foi further discussion of the switching. 


At 23-31T5.5 GMT a master alarm occutied. This condition was caused by 02 hig 
flow, in that 02 flow rate was satuiated foi the 15 seconds prior to this mastei alarm (See 

figure 3-5). 


At 23 31-26.712 GMT, haidline data indicates that EDS “unsafe A came on. i 
indicates that at this time one of the three EDS buses from the spacecraft to the launch vehicle 
was lost Since two of the EDS bus circuit breakers weie open when cockpit configuration 
was established post-incident, the determination is that the first circuit breaker was tripped at 

this time. 


One non-instrumented anomaly was noted by the launch vehicle personnel duiing the EDS 
test at 20:52:23 GMT. At this time the launch Vehicle Attitude Reference Fail chec was 
f PDS htis 1 was turned off and astronaut was to veufy no change in th 

3 5 ^ lighf How^ he st^td that the “Engine 8 Out” light went off. This 
\-Z came back on 8 seconds later as reported by the astronaut and ^nfied on the voice 
ta 8 pe Data review shows no switching in the cockpit fiom the time the EDS bus l went o 
for approximately 39 seconds. No further infoimation is available smcethis is the 
of the light and it is not instrumented. At this time no explanation is available. 


ELECTRICAL POWER 

(1) ' ^^fncidenl^he spacecraft DC buses were being powered from GSE ground 

Dower supplies via the S/M GSE flyaway umbilical. Spacecraft batteries were not connected 
ZZ Sn DC buses. The fuel cell F/C) simulator (C14-395 battery pack) was connected 
to fuel cell no. 1 and fuel cell no. 3 harnesses (fuel cells 1, 2 and 3 weie disconnected) but 

not tied to the spacecraft buses. 


Spacecraft AC bu, 1 was powered by inverts 1 which was 
rta, ... ^ar^S ft t esed only .or backup in rhe even, of failure of inverrer no.l 
ot 2. 


Bus veisu* equipment configuration is shown in Table 4.3-1. 
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(2). COMMENTS ON DATA 

(a). The electrical power system was operating noimally throughout the performance of 
OCP-FO-K-0021-1 up to approximately 23:30:55 GMT. At that time a small, shoit dur- 
ation increase in AC bus 2 voltages (all three phases) was noted. Prior to this time the 
AC bus 2 voltages were steady to within one bit of information and as follows (see 
Figure 3-2): 

Phase A (CC0203) - 117.0 to 117.6 VAC 

Phase B (CC0204) - 116.6 VAC ~ 

Phase C (CC0205) - 112.5 VAC 

The voltages varied from this steady state value as follows: 


TIME (GMT) 


AMPLITUDE 

(VOLTS). 


TIME (GMT) 


AMPLITUDE 

(VOLTS) 


Phase A 23:30:54.920 
Phase B 23:30:54.920 
Phase C 23:30:54.927 


125.8 23:30:55.020 117.0 

120.8 23:30:55.026 117.2 

117.2 23:30:55.027 113 


The voltages then returned to the values previously recoided (refer to Panel 18 Report, 
AC bus 2 voltage variations, for further discussion) and remained at those values up to 
LOS. 

The only other unusual indication in * the EPS system prior to LOS occurred at . 
23:31:13 GMT with indications that Bat B&C had been connected to the main DC buses, 
followed at 23:31:14 GMT by indications that Bat A&C had been connected to the main 
DC buses (sec Figure 2-3). This was accomplished by crew manual connection of these 
batteries to the main buses. The switches used to accomplish this (panel 22 - main bus 
tie Bat B&C) were found during post-incident inspection to be in the positions that would 
connect these batteries to the main buses. 

(b). There is no evidence of an electrical short indicated in any of the other EPS 
parameters. 

(3). SYSTEM POWER REMOVAL 

Following the incident, removal of external power was begun at 23:32:46 GMT' and all 
external power was removed by 23:33:13 GMT. However, there was no way to remove Bat A, 
B, and C from the buses, and spacecraft buses remained powered until the batteries were 
depleted (estimated at approximately 05:30 GMT, 28 January 1967). 

d. GUIDANCE AND NAVIGATION SYSTEM 

(1) . SYSTEM CONFIGURATION 

The guidance and navigation system was in the normal launch configuration with the follow 
mg exceptions: 

(a) . The coupling display units (Cf)L r ) hermetic scaling panel was not installed. 

(b) . The ground test access connector covers were not installed on the power-servo assembly 
trays. 

(2) . data Evaluation 

Data evaluation of all the instrumented parameters associated with guidance and naviga- 
tion has not revealed any facts that would indicate a malfunction which might have contrib- 
uted to the accident. All system operation was normal prior to the incident. 

The physical characteristic of the system design lends itself to supplying nonsystem related 
facts associated with the incident, c.g.: 

(a). Change in navigation base pitch angle correlates with crew compartment pressure 
changes, as discussed in the Panel 18 report. 
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TABLE 4.3-1 SC 012 EQUIPMENT VS BUS CONFIGURATION AT 23,30,00 GMT 


EQUIPMENT 


DC DC 
MN A MN ft 


BAT A BAT ft 


PYRO PYRO AG AC 
a B BUS 1 BUS 2 


INSTRUMENTATION 

PCM 

SCE 

Central Timing Equip 
Fit Qual Rcdv 
DSE 

Panel 201 (Non ESS) 
Panel 204 (ESS) - 
C14A12 Fuse Bos 
MDAS 


COMMUNICAt'lONS 

DDL 

TV 

VllF FM 
S Band PA 
PMP 

Audio Center 

VHP - RCV BCN 

HP 

DSEA 

VHP AM 

C Band 

•Power i on ne c tor not hooked 
up to DSEA. Cireutt breaker 


Colin 
Conn 
Conn 
Conn 
Conn 
Conn t 
N C 
N C 
N C* 
Conn 


Conn 

Conn 

Conn 

Conn 

Conn 

Conn 

N C 

N C 

N C 

Conn 


N'C Conn 
Conn N 'C 
Conn N C 


PROPPIMON 

None* 


PCS 

Hot) Aa mu 
Cabin An I an 1 
Cabin Air Van ^ 

Suit Compressors 
tilyiol Pumps 
Was it* Sr- Pol IM> 
Xdcrs, Pros-* liP ISr- 
I.CS Xdcr. l etup 
Radiator Isol Valve l 
Radiator l^ol Vahe - 
Pot 11>0 


Conn 

Conn 
Conn N C 
Cofin N C 
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(b;. Changes in gtinbal torque motor input voltages indicate vehicle movement, as dis- 
cussed in the Panel 18 report. 

Since the G&N system was in . the gyrocompassing mode during the test, the system 
attempted to maintain the inertial platform horizontal to local gravity and the azimuth 
at a predetermined heading. Any motion that tends to alter these conditions results 
in a correcting voltage being applied to the platform gimbal torque motors. Crew activity 
can impart motion to the vehicle, which could result in torque motor voltages which 
can be discerned from normal signals applied during gyrocompassing. 

(3). DATA PECULIARITIES 

After the fire started, the Check Fail Alarm CG5005 and Error Detect PGNS alarm 
C.G5023 came on at 23:31:17.3. 

c. STABILIZATION CONTROL SYSTEM 

(1) . SCS CONFIGURATION 

The SCS was configured to launch configuration* with the following exceptions: . 

(a) . Only one (1) rotation controller was installed. 

(b) . Only one (1) translation control was installed. 

(c) . The A14-275 quad simulators, were connected instead of the RCS engines. 

(2) . COMMENTS ON DATA 

Data analysis indicates normal operation, of all parameters until loss of data, with the 
following exceptions: 

(a) . ROTATION CONTROL OUTPUT SIGNALS 

At 23:30:54:85 GMT, a momentary shift in level was noted on the rotation control 
output pitch (C 110025), yaw (Cl 11025), and roll (CH2025) measurements. The power 
for these parameters was supplied by AC bus 2, phase A. This occurrence is associated 
with the AC transient (sec Figure 5.2-1 in the Panel 18 Report for further discussion). 

At 23:31: 14. 6 GMT a signal was noted on the roll rotation control output of approx- 
imately 1.75 VAC and the associated signal of the roll error amplifier output which is 
equivalent to monitoring the controller for position roll. At the same time, small tran- 
sients were noted on the pitch and yaw rotation control output measurements arc pro- 
portional to the amount and direction of controller position. 

At the time of the incident, the rotational control was pinned in a null position. 
Physical examination of the rotation controller following the incident showed the handle 
still pinned and with no apparent damage to the pin. Soot deposits on the pin indicated 
slight pin motion. Special tests indicate the pin will allow slight movement of the controller 
with an appreciable output signal. 

(b) . RATE ERROR AMPLIFIER OUTPUT OSCILLATIONS 

Beginning at 23:31:04 GMT. and continuing to loss of signal, small amplitude oscil- 
lations were noted on the roll rate error amplifier output. Smaller oscillations and trans- 
ients were noted on the pitch and \aw rate error outputs (sec Figures 3-7 and 3-8). 
These changes correlate with spacecraft movement. 

(e). MTYC ENGAGE 

At 23:31:18.2 GMT, following a loss of signal of approximately 800 milliseconds, 
the event manual thrust vector control (MTYC") engage was noted to have changed state 
from OFF to ON. This condition continued until loss of signal. 

Following this event, pitch and yaw MTYC rate gyro outputs showed activity in- 
dicating the MTVC circuits were active (sec Figure 4.5-2). MTVC engage is actuated 
by physically rotating the T -handle on the translation controller to a CAV position. Ex- 
amination of the translation controller following the incident showed the Tdiandlc to be 
in a M I Y( ! ( >N position. 

(d) . Beginning at 23 31.20 GMT. RCS solenoid driver activity was indicated, which could 
he the result of shorts in spacecraft wiring. This time was just prior to the loss of data. 
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CH2025 ROLL MAN ROTATION CONTROL OU I 




CH2050 ROLL RATE ERR AMP OUT 



CH00S0 PITCH RATE ERR AMP OUT 


CHI 025V YAW MAN ROTATION CONTROL 



CH1Q50R YAW RATE ERR AMP OUT 


It It IJ JL JL JL u!i,. 

M.ltl »«”•• ,, * M |1- * M ll ‘ ,i TINS 

FIGURE 4.5-1 ROTATION CONTROLLER OUTPIJt SIGNALS 


D-3-54 


MTVC EVENT 



MTVC ENGAGE 








p 


1 ' 


r 










f. ENVIRONMENTAL CONTROL SYSTEM 

(1) . OXYGEN SUPPLY SUBSYSTEM CONFIGURATION (See Figure 4.6-1) 

Gaseous oxygen from K-bottles was utilized for environmental oxygen throughout the 
test. The following GSE was used for support:- 

(a) . K-Bottle and Regulator 

The K-bottle regulator was adjusted at 14: 15 GMT and maintained throughout 
the test at approximately 1000 psig to the gas pressure panel. One K-bottle change 
was performed at approximately 20:18 GMT. 

(b) . Gas Pressure Panel 

The outlet from the K-bottle regulator was regulated down to 650-750 psig in the 
unit and maintained at this value throughout the test. 

(c) . Oxygen Valve Panel 

This panel was used as an isolation interface between gas pressure panel and the service 
module oxygen pneumatically operated disconnect (POD). 

(d) .. Spacecraft Oxygen System Configuration 

The oxygen entering the service module was isolated from the cryogenic tanks by 
check valves. The 02 entered the command module through one of two available supply 
lines to the oxygen surge tank, one pound bottle, and regulators for distribution to various 
02 subsystems. 

(2) . COMMENTS ON OXYGEN SUBSYSTEM DATA 

The oxygen system worked normally both prior to and after the report of the fire, with 
the exception of the high 02 flow rate. This is discussed in the Panel 18 Report. 

(3) . SUIT CIRCUIT OXYGEN SYSTEM CONFIGURATION 

Oxygen at 100 psig was supplied to the suit circuit through the demand pressure regu- 
lator (see Figure 4.6-2). 

The demand pressure regulator is used for normal makeup, or demands of up to 0.70 
lb/ min of oxygen. The demand regulator test selector is used to pressurize the suit circuit 
for suit integrity tests. 

(4) . COMMENTS ON SUIT CIRCUIT OXYGEN SYSTEM DATA 

The suit circuit oxygen system worked normally both prior to and after the report of 
the fire._ At 23:31:09.6 GMT, the suit flow for the SRP suddenly went to lower limit for 
2 seconds and back to full scale in a step function. See Panel 18 Report for further discussion. 

(5) . W/G SUBSYSTEM CONFIGURATION (see Figure 4.6-3) 

Water glycol was being supplied from GSE (S 14-053) and as it would be for normal 
launch, with one exception, the solenoid-operated valve on the return line in the service module 
was powered by an auxiliary 28 Y DC supply to maintain flow after the umbilical disconnect 
(Plugs Out). Cold water glycol is supplied to the S/C from the trim control unit (S14-053) 
at constant pressure, temperature, and flow rate. The final adjustments of these conditions 
were made immediately following inner hatch installation at 19:45 GMT. Supply pressure 
was constant at 69.5 psia (FF5062). 

Supply temperature was adjusted in order to achieve 40 ± 1 degree F at the glycol evap- 
orator outlet. r 

Actual value was constant 40.9°F. measured at CFOOIST. Flow rate was adjusted 
to a constant 196.5 lb, hr (FF5063). 
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OXYGEN SUPPLY SUBSYSTEM CONFIGURATION 

















SUIT CIRCUIT SIMPLIFIED SCHEMATIC 




WATER-GLYCOL SUBSYSTEM CONFIGURATION 




(6) COMMENTS ON DATA 

At about 8 minutes prior to the crew call of fire the accumulator quantity pressure meas- 
urement started a gradual decrease whieh continued to the time when the cabin pressure rose 
because of the fire. The supply pressure measurement, which also senses changes of pressure 
within .the glycol system, Showed an associated change during this.. period of time. See Panel 
18 Report for further discussion. 

g. COMMUNICATION 

(1) . The communication system was in launch configuration except for the following: 

(a) . Only one data storage electronic assembly voice recorder (DSEA) was installed, but 
was not electrically connected. Two DSEA’s are required for launch, configuration, with 
only oiie connected. 

(b) . Only one bio-med te£ adapter was installed (SRP position). For flight there would 
be three. 

(c) . CME) Pilot was using a flight-space cobra cable (-51) instead of the normal cable - 
(-41); the cobra cable was changed during the “live mike" troubleshooting. 

(d) . Audio control panel and cobra cable switches were in position to facilitate testing 
as a workaround for the “live mike” problem. 

(e) . The USBE was in the “transponder only” mode (power amplifier “off”). The launch 
configuration transponder power amplifier mode would have been selected at T-10 minutes. 
Figure 4.7-1 shows the astronaut umbilical communication system cobra cable, tee adap- 
ter, etc. 

(2) . COMMENTS ON DATA 

(a) . All data reviewed indicates that the spacecraft communication system performed 
normally between 23:30:00 GMT and LOS, except for the following: 

(1) . VHF/FM DROPOUT - A momentary dropout occurred in the RF detected 

PCM video wave-train at 23:30:54.85 GMT and lasted for approximately 30 milli- 
seconds. MSOB and the TEL IV signal strength parameters of the VHF/FM carrier 
had a momentary dropout coincident with the PCM video dropout. See Panel 18 
Report for further discussion. % 

(2) . C-BAND DROPOLJT - A C-band dropout occurred at 23:30:54.85 GMT and 
lasted for 1.7 seconds (sec Figure 3-2). The dropout was indicated in the receiver 
decoder and in the transmitter output. Both are PCM data points which are sampled 
10 times per second, and both have. RC time constants of 0.1 second. See Panel 
18 Report for additional details. 

(3) . “LIVE MIKE*' CONDITION - Voice tape analysis and PCM data records 
showed a “live mikc“ (constant keying) condition existed from the CMD Pilot position 
during a considerable portion of the final test period. See Panel 18 Report for great- 
er detail. 

(b) . VOICE RECORDINGS 

Voice recordings were made in the Manned Spacecraft Operations Building (MSOB) 
ACE Station, MSOB Open Loop Communication Station (MO LG), Blockhouse 34, MCCK 
at Cape Kennedy, MSC-I louston, and NAA Downey via Houston (sec Figure 4.7-2). 
The data from these tapes were studied, in an attempt to determine possible clues to 
the cause and crow reaction to the fire. A transcript was made of the S-band and 
VHF, AM tracks of the MOLC voice tape from 23:29:45.5 GMT to LOS. This tape 
was chosen . because it contained the only direct S-band voice from the S/C and was 
less noisy than the OIS tapes. 

(c) . ANALYSIS OF OSCILLOGRAPH RECORDING 

The voice transmissions shown in Figure 3-9 were analyzed with the use of MOLC 
tapes and PCM data. This figure show's the VHF AM and S-band voice tracks oscillo- 
graph readout from 23:29:42.5 GMT to LOS. 

(1). 23:29:42.5 to 23:30:14 GMT 

(a). The CMI) was transmitting on S-band. The SRP made a voice transmission 
on S-band and VHF/AM. There was no voice transmission by the PLT. 
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(b) The round personnel were ,ra„s„.hun g 10 .he S/C oh S-band. The voice of .he 
Sffira being ‘turned around by (he CAST (astro communicator console) system and . 

retransmitted to the S/C« on \ 111 1 . . , • i i 

(c) The "live mike” noises are not evident, probably because of the higher noise level 

caused by the uplink S-band being patched to the MOI.C RF recorder. 

(2). 23:30:14 to 23:31:00 GMT 

(a) . There were no voice transmissions l'rom the S/C. 

(b) . The ground personnel w.« no. — ung . ^ “^idcrablc amount, 

ST .*» “ArfifiS*. ndcropbonc is brushed or tapped 

including breathing sounds, .veer evident. Some ol gg ” 

to have had sufficient amplitude tn trigger the uplink VHF/AM sia A.AOt. 

W 'tyZ <; of voice transmissions on S-band. The time, for 

v * ■ lt . , /trt iilril in riirurc 3-9. No voice communications on \ HF 

two transmissions arc detailed in i 

were made from the S;C during this lime period. 

/ b \ phe ground personnel were not transmitting to the -S/C. on > II*. 
v-tiiee transmissions^ from die S C were being turned around by the CAST system 

( ’■ m ; .rlaitl o, the voice tape, from the Command N.odnle dmu.g < he tune 
. . , f vcteired to as the first and second transmission, on l able 4..-l), ha\c 

penod ol tin t v M.-ilvsis included a review of all transmissions prior to 

teansttussious. hs,>er.s a, the ell \ h pl.om Ub.nau, ^ ^ accidc „ 

^■1 ^.ncTb eurren.lv in piogresi. Any new findings from .hew additional 
reviews will be included in Appendix C, ol the hand kcpoit. 

r . .. ,. .. ., ol .,ion of the first transmission, which is quiu clear, the remainder 
of tllr first md second transmission is not clear and it is impossible to delme exactly 
°lm "was Lit .he crew. Two poin.s made by the BeU Telephone Laboratory rapes. 

crew member initi ued the transmission. 

r.,y Ulu , n , 1 ... rccordiiu 1 of the transmission is not clear, there will be mail) as many 
iutmVet uious ol wdiaT was said a. .here are qualified lisle, wes. Many „,,erp,«a..o,,s 
of what was said have been made. A summary of these interpretations is mac c 

the following paragraphs. 

Thr uvdvsis of the first voice transmitted ts as lollows. 

“ * • , . 'ip'H lU 7 t'.Ml with an exclamatoryiem.uk. This 

.ra„I!Si:rrXa,'''ii!»;'\is^,.eih ^ ». - 

in 8 : .... .. 

Hey 

(bumping sounds, etc.). 
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TABLE 4.7-1 TRANSCRIPT OF VOICE CHANNEL FOR LAST 27 SECONDS 


MOLC VHP 'AM TRACK TRANSCRIPT 


MOLC S - BAND TRANSCRIPT 


23:30:55.5 (Noise) 

23:30:56 (Breathing sound) 

23:30:56.5 (Noise) 

23:30:58.1 (Noise) 


23:30:58.5 (Short noise 0.6 sec) 


23:31:04.7 •(First voice transmission'* 


23:31:04 (Breathing sound) 

23:31:04.7 (First voice transmission 

of spacecraft problem) 


23:31:10.0 (End of first transmission'* . 23:31:10.0 (End of transmission) 


23:31:17.1 (Second voice transmission) 


23:31:16.8 (Second voice transmission 
of spacecraft problem) 


23:31:21.8 (End of second transmission) 23:31:21.8 (End of second transmission) 


23:31:22.4 (LOS) 


• Analysis of these transmissions appears in 
paragraph 4.7 
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The second portion of this first transmission begins at 23:31:06.2 GMT with an unclear 
word. Most listeners believe the first to be one of the following: 


Tve" 

•We’ve* 1 


The remainder of this transmission is quite clear and is: 'L -Got a fire in the 

cockpit'', followed by a clipped word sounding like “VHEH", which ended at 23:31:10 
GMT. Many listeners believed this transmission to have been made by the Pilot. Sonic 
believe it could have been made by tl^ Command Pilot or the Senior Pilot. Hov\e\er, 
laboratory analysis assigns the greatest probability that it was made by the Pilot, but 
the results of the analysis do not negate the possibility that one of the other crew members 
could have made the transmission. 

The analysis of the second voice transmission is as follows: 

Following a 6.8 second period of no transmission the second transmission began at 
23:31:16.8 GMT and ended at 23:31:21.8 -GMT. The entire second transmission is some- 
what garbled. This second transmission* therefore, is subject to wide Variation of inter- 
pretation as to content and as to who was making the transmission Or transmissions. The 
general content is what appears to be three separate phrases arid it has been interpreted 
several ways by many, listeners. The following is a list of some of the interpretations 
that have been made: 

(1) . “Fighting a bad fire - Let's get out 

Open ’er up." 

(2) . “We've got a bad fire - Let's get out 

We're burring up." 

*Tm reporting a bad fire. ...I'm getting out. .Oh, AAH." (Scream) 

Some people feel that the very end of this second transmission is a screarii or the 
start of one. Many listeners. believe, this transmission was made by the Pilot. 

It should be noted that: . 

(1) . The total time duration of these two transmissions was brief, lasting l/.l seconds, 
the first lasted 5.3 seconds and the second lasted 5.0 seconds, with a 6.8 second 
period of no transmission between. 

(2) . The transmissions pros ;de evidence only of the time the crew first transmitted 
a report of the existence of the fire and do not provide any direct information as 
to the cause of the fire. 

H. FUEL CELL AND CRYOGENIC GAS STORAGE SYSTEM 

(1) . FUEL CELLS 

Fuel cells were inactive and were not being monitored during the incident. A review 
of the data from 23:2(i:(K) GMT to the incident indicated no fuel cell anomalies. 

(2) . CRYOGENIC. GAS STORAGE SYSTEM (C.GSS) 

The CGSS was inactive during the test. Gas was supplied to the environmental control 
system from 'K" bottles through port OP. on the service module. A review of data from 
23:26:00 GMT to the incident indicated no anomalies in the CGSS. 

i. PROPULSION (SPS AND RCS) 

(1) . SERVICE PROPULSION SYSTEM CONFIGURATION 

The differences from the normal launch countdown configuration were as follows: 

Propellant tanks, helium storage tanks, and engine actuation system GN2 tanks were not 
serviced to flight pressures but were at low (normal) blanket pressures (using GN2). 

(2) . COMMENTS ON SPS DATA 
All data on the SPS remained normal and constant until loss of data. 

REACTION CON TROL SYSTEM CONFIGURATION 
CSM RCS was configured tor launch with the following exceptions: 

(a) . The engine simulators were installed in lieu of actual engine circuitry. 

(b) . No consumables were on board. The scupper supports were in place. 

(c) . A temperature thermocouple was taped to CM It system oxidizer isolation \aKc 

to monitor valve temperature rise during plugs out mission run. .... . 

id) The engine throat plugs and flow sensors were partially installed in preparation tor 

(light readiness test. The engine covers were installed on quad engines. CM engines 

were cnvironnwntalK sealed with tape. 


(3). 


1 
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(4), COMMENTS ON RCS DATA , . . . . 

A simulated. SM RCS +X engine static firing had been completed at approximately 
23 15 00 GMT using Pilot’s rotation controller. No anomalies were observed in this test. 
Following the simulated static firing the CSM RCS system was monitored f or reminder of 
the active test, A review of the data tapes for the period 23:26:00 GMT to 23:31:30 GMT 
did not disclose any system anomalies. Significant RCS data peculiarities are detailed be ow. 

(a). A linear rise in temperature from an ambient condition of 70«F to 197* F rained 
between 23:31:19.858 GMT and loss of signal at 23:31:22:432 GMT on CR4561T. This 
transducer is a resistance thermometer type and is spot welded to the upper surface of 
CM RCS % W’ CCVV engine between frames No. 21 and 22, (closer to frame 21), and 
behind panel CM 18. It is also covered with 3/4 inches of insulating Q-felt. A second 
transducer. CR2201T, mounted on the Oxidizer injector value of the same engine, showed 
no temperature increase. Although this transducer is of a similar resistance type, it was 
bonded to and encapsulated in silicon rubber. It was also 90 degrees further around 
the engine on its outward side and located between frames no. 20 and il (closer to frara « 
21 .though partially covered by the boost protective cover. CR2201T »*, exposed 
to ambient condition, (panel CM 19). The Sudden rise in temperature ol CR4501T is 
indicative of exposure to flame at the time of cabin pressure vessel rupture. Time corre- 
lation with other rupture data points must take into account the fact that the engine and 
transducer are enclosed with insulating Q-felt as noted above. 

(b) . The RCS propellant isolation circuit breakers (CB16 and CB15) on panel 25 were 
found to be open during post-fire inspection. Further inspection revealed that the circuit 
breakers’ stems were only slightly smutted indicating that the circuit breakers opened 

after the fire started to subside. cx< 

(c) The RCS selector switch was found in the SM-A position rather than the SM-D 
position called for by the procedure. This switch selects a particular SM quad for para- 
meter monitoring and . has no change-of-state function. The SM-A position is assumed 
to be a pilot's natural reaction to return to the initial monitoring position instead of 
leaving it in the final position following simulated static fire. 

j. CREW SYSTEMS. BIOMED. AND EXPERIMENTS 

(1) . SYSTEM CONFIGURATION 

The biomed system was in launch configuration with the following exceptions: 

(a) . An E. O. was released to pot the octopus cable connectors to prevent breakage of 
connector" back shells. Planning was also in work to wrap the cable with tefglas and attach 
Velcro to provide attach points for support of the cable. 

(b) . Only one biomed tec adapter was installed and this was in the SRP position. The 
biomed parameters for the SRP position were being monitored on both PCM and the 
MDAS recorder and the time of incident. 

Only the crew systems equipment required to support OCP-FO-K. -0021-1 was stowed 
in the S/C. The stowed crew systems equipment which has an electrical interface with 
the S/C. (cameras, hygrometer, alignment sight) were not connected to the S/C at the time 
of the accident. 

(2) . COMMENTS ON DATA , 

(a) PCM and MDAS recorder data throughout the test was normal cxfccpt for several 

noise glitches which appeared on the biomed data channels. Physicians verified these 
glitches were not normal biomedical data. I he first glitch occurre at . 1 

,,„d recurred randomly «i.h .he ter one a. 2:t:24 : «l GMT. Thee node .pike are M.ev«i 
to he caused bv RFI. which has been duplicated during post -incident bench test b> glitch 
ing the input power. From the time the MDAS was turned on and the timer reset to 
zero ( 17-36.02 ^GMT) until I.OS of the timer ( 23 : 31:21 2 GMT), the tuner operated 
normally with no loss of, or change in, timing 

(b) . Based on the PGM and MDAS data available from S,C 012, there is no indication 
that the biomed system contributed to the case of the incident. 
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DISASSEMBLY ACTIVITIES PANEL 

a. task assignment 

^ The Apollo 204 Review Board established the Disassembly Activities Panel, 4. The task assigned for 

accomplishment by Panel 4 was prescribed as follows: 

Develop plans and procedures for progressive disassembly of Apollo Spacecraft 012 for purposes 
of inspection and failure analysis. Disassembly should be configured to proceed on a step-by-step 
basis, in a manner to obtain the maximum amount of information prior to disturbing the evidence. 
Contents of testing requirements shall also be considered. Disassembly plans should consider both 
the cockpit and. the area outside the pressure hull. Means for cataloging documentary information 
within the spacecraft and for the display of removed items shall be a part of these pians and pro- 
cedures. 

B. PANEL ORGANIZATION 


1 


MEMBERSHIP: , % 

The assigned task was accomplished by the following members of the Disassembly Activities 
Mr. Scott 11. Simpkinson. Chairman, Manned Spacecraft Center (MSC), NASA 
Mr. Samuel T. Bcddingfield, Kennedy Space Center (KSC). NASA 
Mr. Robert G. Covcl, Jr., Kennedy Space Center (KSC), NASA 
Mr. PaulJ. Graf. Kennedy Space Center (KSC), NASA 
Mr. Robert J. Reed. Kennedy Space Center (KSC), NASA 
Mr. Harry C. Shoaf, Kennedy Space Center (KSC). NASA 
Mr. Charles G. Stevenson. Kennedy Space Center (KSC). NASA 
Mr. Joseph C. Campbell. Manned Spacecraft Center (MSC), NASA 
Mr. Dean F. Grimm, Manned Spacecraft Center (MSC). NASA 
Mr. Patrick ). Hanifin, North American Aviation (NAA). Downey 
Mr. John M. Moore, North American Aviation (NAA), Kennedy Space Center 


Panel: 


2. COGNIZANT BOARD MEMBER: 

Colonel Frank Borman. U. S. Air Force. Board Member. Manned Spacecraft Center (MSC.), A ASA 


was-assigned to monitor the Disassembly Activities Panel. 


C. PROCEEDINGS 


I 


1. INVESTIGATIVE APPROACH .. . 

a SPACECRAFT 012 DISASSEMBLY PROCEDURES. Immediately after the accident, at b;Jl 
p m.. EST (23:31 GMT) on January 27. 1967. NASA Kennedy Space Center Security placed 
Launch Complex .14 under additional security. Special guards were assigned to the service structure 
and to the adjustable-eight (A-8) level at the entrance to the Command Module (C/M). Controls 
were established for personnel access to the service structure and the C M. Everything located 
at the Launch Complex such as Ground Support. Equipment (GSE). spare parts, documents and 
drawings, special clothing, breathing apparatus and fire fighting equipment, etc., was impounded. 
The NASA Test Supervisor in the blockhouse, in conjunction with NASA Security, controlled all 
activities on the service structure. Implementation of these directions was coordinated through the 
NASA Operations Engineer and the NAA Pad Leader at the C. M. 


After the fire, prior to disturbing any items in the spacecraft, a series of photographs were 
taken. Several photographs were made ol the surrounding areas on adjustable levels A-< and A-8. 
Photographs showing the configuration ol the area around the Pad Leaders desk on A-8 and a 
close tip of the desk may be seen in Enclosures 4 1. 4-2. and 4 3. The step-by-step photography 
method was established as a standard operating procedure for the entire activity of the Disassembly 
Activities p mel 
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After the last crewman. was removed at approximately. 2:00 a.m., EST on January 28, 1967, 
two spacecraft .observers . entered the C/M at 3 :()() a.m. to verify certain panel switch positions. 
Other than this there was no activity inside the C/M on the day after the accident. Small groups 
of NASA and NAA management, the Apollo 204 Review Boafd Members, Representatives, and 
Consultants and ethers with a need to know, inspected the exterior of Spacecraft 012. They looked 
in through the open hatch, but did not enter the C/M. 

At 1:00 a.m., EST, Sunday, January 29, 1967, a NASA photographer took additional pictures 
inside the C/M and an astronaut entered the spacecraft to verify additional switch positions needed 
to clarify the data. Considerable inspection of the exterior of the spacecraft and the A-8 level 
was accomplished throughout the day. At 10:00 a.m. EST, a second astronaut entered the C/M 
and removed a few items of Government-furnished crew equipment after it was determined that 
they had no relation to the accident. Following this, one member of the Press was escorted to the 
A-8 level, and was permitted to take pictures, with the stipulation that he could not enter the 
spacecraft. No more activity took place inside the spacecraft on. that day. 

At noon on Monday, January 30, 1967, a NASA operation engineer entered the C/M .to 
examine the Gas Chromatograph Cable and direct a photographer to t3ke pictures in the vicinity 
of the cable. At about the same time, the Apollo 204 Review Board created a Hardware Removal 
and Disposition Panel (later retitlcd Disassembly Activities) to establish the procedures for disassembly 
of Spacecraft 012. This Panel immediately established criteria that required a standard Apollo Test 
Preparation Sheet (TPS) for any work or inspection on Spacecraft 012. .Each TPS had to be signed 
by both NASA and NAA systems engineers and by the Panel Chairman (NASA) or his delegate 
(NASA) and a NAA member of the Panel. These TPS's were necessary to assure proper coor- 
dination and will remain as a permanent record of the work accomplished. All prepared TPS's 
arc contained in the Apollo 204 Review Board General File. 

The first step toward an orderly disassembly was to assure safe working conditions at the 
spacecraft. A meeting was held with KSC and Air Force Eastern Test Range (AFETR) Safety 
personnel in which it was decided that (1) the Launch Escape. System (LES) should be removed, 
and properly stored, (2) the forward heat shield should be removed and all pyrotechnics removed 
and stored or made safe, (3) the structure should be examined by structural engineers, and (4) 
all pressure vessels should be declared safe, or the pressure should be relieved. It was also decided 
that work inside the spacecraft would not be allowed until dust samples were taken and the air 
declared free from possible harmful concentrations of beryllium dust. (Beryllium is used in the 
structure of the Guidance and Navigation (G&N) System.) After obtaining Board approval, these 
tasks were accomplished and Spacecraft 012 was considered safe for investigative purposes by 10:00 
p.m. EST on Thursday, February 2, 1967. 

The Hardware and Disposition Panel prepared and issued a memorandum which stated the 
mode of operation for those concerned. It is included as Enclosure 4-4 to this report. 


Members of Panel 5, Origin and Propagation of Fire, cleaned the couches in a carefully 
planned manner and documented all phases of the task. Charred data books and procedure manuals 
removed from the couches were carefully packed and hand carried to the Federal Bureau of In- 
vestigation Laboratory, Washington, D. C., in an attempt to identify any notes that may have 
been made by the crew. 

After a specially constructed plywood cover was installed on the couches, NASA and NAA 
Quality Control (QC) inspectors entered the spacecraft and recorded all unusual appearances of 
hardware, including damaged components, but not including superficial damage such as smoke dis 
coloration and other accident effects. After more than four hours of inspection by QC, the systems 
engineers then entered the spacecraft. Each system engineer was allotted sufficient time to visually 
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inspect all of the exposed hardware of his system. This was necessary in order to formulate an 
effective plan tor an orderly disassembly and to establish an overall priority for component removal. 
Following approximately four hours of engineering inspection, a NASA photographer took a series of 

> i close-up stereo photographs of the C/M interior, including many special points of interest required 

by various systems engineers. Before removing the couches, the top egress hatch was. removed. 

It was recognized that the task of searching the physical evidence would be difficult and time 

► ' consuming because of the confined area. within the C/M and the small hatch through which every- 

thing had to enter and leave. In order to remove the components as quickly as possible and keep 
k the members of the investigating team informed of the findings, it was necessary to have an en- 

gineer and a technician enter the spacecraft to remove the equipment and then have a photographer 
take the place of the . technician and document the conditions after each removal. With proper 
distribution of the engineer's findings and the color photographs, all parties with a need to know 
were informed of the progress and considerable time was. saved in the disassembly process. 

Removal of the couches posed a unique problem in that it was desirable not to disturb the 
aft bulkhead (crew compartment floor) in any way. The normal removal .requires technicians to 
lie on the floor and work on the couches from the underside. To accomplish removal of the couches 
without disturbing evidence, a special platform was built which was supported from the hatch 
sill at one. end and from strut, attachment fittings at the other end. The technicians were able 
to lie on this platform and perform the work necessary to remove the couches. 

After the couches were removed, a special false floor, fabricated from aluminum angles sup- 
porting removable 18-inch squares of 3/4-inch thick Plexiglass, was suspended from the existing 
couch strut fittings to provide access to the entire inside of the spacecraft including the floor, 
without disturbing any of the evidence. The false floor, after a check fitting in Spacecraft 014, is 
shown installed in Spacecraft 012 in Enclosure 4-5. A NASA photographer then entered the space- 
craft and took a series of precision scale photographs of the interior which were later glued to the 
inside of a one-half scale model for a three dimensional reference. Members of Panel 10, Analysis of 
Fracture Areas, then on teres the spacecraft for an inspection of the structural failures in the aft 
bulkhead. 

At this point, with the couches removed. Panel 5, Origin and Propagation of Fire, with Mem- 
bers and Consultants of the Apollo 204 Review Board, entered the spacecraft to look over the cabin 
from the vantage provided by the transparent false floor. 

A decision was made to repeat investigation inspections by QG and the various systems en- 
gineers. In order to disseminate information and to retain a permanent record of important ob- 
servations during this type of inspection, a TPS was generated requiring a written summary of all 
significant findings after performing an inspection but before leaving the A-8 level of the service 
structure. These summary sheets were distributed to all parties with a need to know. 



The preparations for disassembly proceeded quite well; however, upon entering the next phase 
involving the need for closely controlled and coordinated equipment removal, it became obvious 
that new procedures were required. To implement these procedures, the Board appointed a Panel 
Coordination Committee (PCC), which included throe Board Members and several Consultants. 

1 he first order ol business of this Committee was to amend the procedures for accomplishing 
work in the C/M. Panel 4 was redesignated the Disassembly Activities Panel instead of Hardware 
Removal and Disposition Panel. Apollo 204 Review Board Administrative Procedure Number 18 
concerning the Use and Control of Test Preparation Sheets was published. This procedure covered 
the plan and control by which spacecraft hardware would be removed* inspected, analyzed or 
otherwise modified. Under this plan, requirements were reviewed by the PCC and presented to the 
Board for approval. After approval of a specific requirement hv item number. TPS's to implement 
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the required action were generated bvthe appropriate NASA/NA A systems engineers and approved 
by members of: 

NASA^MSC and NASA-KSC Engineering 
NAA Engineering 

Panel 5, Origin and Propagation of Fire 
Panel 18, Integration Analysis 
Materials Analysis Branch, KSC 
Panel Coordination Committee 

Panel 4, Disassembly Activities (only in those cases where execution of the TPS involved, work 
inside or on the C/M) 

Concurrently, two new categories of investigation TPS’s were established. These were the Com- 
ponent Analysis (CA) for testing a removed component or a component from spares stock and the . 
Material Analysis (MA) for analyzing a sample of material from the spacecraft or from the stock- 
room. 

By February 7, 1967, this system was fully operational. The concentrated effort of organized 
and coordinated equipment checkout and removals continued on a three-shift seven day a week 
basis. All unusual or suspect circumstances or conditions were immediately brought to the attention 
of Panel 5, Origin and Propagation of Fire, and the appropriate systems engineers for any desired 
change in direction. 

During the equipment removal, electrical connectors used to connect large bundles of wires 
were in general disconnected; however, if any connectors showed physical evidence of damage, 
the wires were cut at the point where they were the least damaged and were clearly identified 
with separate tags on each cut end. In the case of tubing, lines were generally cut at a convenient 
distance from the joints to allow a leak check to be performed on the original joint. Exact inter- 
faces were photographed and marked prior to disassembly, where possible, so that original con- 
ditions could be reassembled if desirable. 


All interfaces, such as electrical connectors, tubing joints, physical mounting of components, 
etc., were closely inspected and photographed immediately prior to, during, and after disassembly 
as shown in Enclosure 4-6. All disconnects were made over clean plastic bags to catch any debris 
or contamination. Every item removed or taken from the C/M was appropriately tagged, sealed 
in clean plastic containers and transported under the required security to bonded storage. 

On February 17, 1967, the Review Board was satisfied that removal and wiring tests had 
progressed to the point that moving the spacecraft would not disturb any remaining evidence. 
The C/M was moved to the Pyrotechnic Installation Building (PIB) at KSC where better working 
conditions were available. The structural integrity of the damaged C/M was questionable; therefore, 
a special sling was constructed to be used to remove the C/M and lower it to ground level. This 
sling consisted of the Standard sling designed to hoist the entire stacked Apollo spacecraft (includ- 
ing the Lunar Module) plus two straps at approximately ninety degrees going around the C/M 
and under the aft heat shi Jd. These added straps were designed to support the entire C/M in 
case of a structural failure in the spacecraft. The verification test of this sling using a boilerplate 
Flight \ crificatioii \ chicle (C/M), with the structural interconnection points disconnected to simu- 
late a failure, is shown in Enclosure 4-7. 

After verification of the sling, it was attached to the 012 Command Module and used to lower 

it to a mounting ring on a trailer at the base of the sendee structure. The trailer was used to 

transport the C/\l to the PIB. In order to minimize vibration, the speed was held to below five 
miles per hour over the 6.6 miles traveled. The moving operation is shown in Enclosures 4-8, 
4-9. 4-10, and 4*11. At the PIB. the C/M was placed in the fixture normally used for alignment 

of the Launch Escape System. This fixture, shown supporting the aft heat shield in Enclosure 

4*12, was used for a period of 18 days to support the spacecraft during equipment removal and 
special testing. 
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With the improved working conditions in the. PIB, it was found that a work plan of two 
eight-hour shifts per day for six days a week was sufficient to keep pace with th6 analysis and 
disassembly planning. The only exception to this was a three-day period of three eight-hour shifts 
per day, utilized to remove the aft heat shield, move the C/M to a more convenient work station 
(Enclosure 4-13), and remove the Crew-compartment heat shield (foreground of Enclosure 4-12). 
This activity took place on March 7, 8, and 9, 1967; The planned disassembly of the C/M was 
completed on M&rch 27, 1967. 

In general, non- functional panels aftd low-suspect hardware were removed from around areas 
of suspect or heavy damage. This was done to gain better access for inspection and component 
removal within damaged areas without disturbance of evidence. 

b. CATALOGING AND DISPLAY OF ITEMS REMOVED FROM THE SPACECRAFT 

In accordance with the task assignment for Panel 4, Disassembly Activities, the Panel took 
immediate action to catalog and place on display, the hundreds of items that, would b£ removed 
from C/M 012 during the course of the investigation. The KSC PIB was assigned to the Apollo 
204 Review Board as an area in which components removed from the C/M could be placed in 
bonded storage, but be available for. inspection by personnel associated with the investigation. 

The following areas were established within the PIB: 

(1) BOND ROOM — A bonded area to receive components as they were removed from C/M 
012. This area was provided with a .receiving table; ten storage cabinets for small components, 
areas for large components and items associated with the investigation, but not from the C/M 
itself. Enclosures 4-14 and 4-15 show the interior of this room. 

(2) ASTRONAUT EQUIPMENT ROOM AND WORK ROOM — An area in which the 
spaccsuits and other Government furnished crew equipment were investigated. 

(3) BONDED DISPLAY AREA — An area in which components could be displayed under 
controlled conditions. The purpose of this area was to permit investigators to make visual exam- 
ination of C/M 012 components. Work other than visual examination was not permitted in the 
display area. Enclosure 4-16 shows the components that were on display on February 21,-1967, 
and Enclosure 4-17 on March 14, 1967. 

During the course of the disassembly, there were approximately 1025 items removed from the . 
spacecraft, logged, and either placed on display or held in bonded storage. Enclosure 4-18 is a list 
of these items by log number. This list docs not include nearly 250 items that were logged into 
the PIB Bond Room from the launch complex and similar areas of concern .(not removed from 
the C/M); however, these items were numbered in the same series, resulting in a total of over 
1250 items. A set of C/M drawings was prepared and distributed that was marked with the re- 
moved-item log numbers, indicating the area in or on the spacecraft from which each one was 
removed. In addition to these documents, which were issued weekly as the disassembly progressed, 
a third document showing the display location of each removed item was prepared daily and 
distributed weekly, and a fourth document was updated daily and distributed weekly showing the 
location of all logged items that were carried out of the PIB for further analysis. 



(4) COMMAND MODULE 012 WORK AREA • At the PIB, the C/M was placed in a 
supporting ring within an existing workstand. The C/M remained in this area until the aft heat 
shield was removed. The C/M was then transferred to a standard support ring in the north end 
of the building. While in these areas, technicians continued to disassemble the C/M in accord- 
ance with approved TPS's. These two work areas arc shown in Enclosures 4-12 and 4-13. After 
a component was removed from C/M 012. it was photographed and then sent to the appropriate 
bond area. 

(5) SPACECRAFT 014 COMMAND MODULE — Spacecraft 014 Command Module was 
shipped to KSC on February 1. 1967. to assist the Apollo 204 Review Board in the investigation. 
This C/M was placed in the PIB as shown in the foreground of Enclosure 4-19, and was used as 
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a vehicle for practicing difficult removals of C/M 012 components. 

((>) MOCK* CP NO. 2 — Mock-up No. 2, .a full-scale plywood C/M, was also brought to 
KSC and placed in the PI B on February 8, 19(> 7, as shown in the background of Enclosure 4*19. 
'This mock-up was configured with Velcro, debris traps, couch positioning, etc., to duplicate the 
C/M 012 configuration at the lime of the fire. 

(7) HALF-SCALE MOCK-UP — A half- scale mock-up of a C/M interior was placed in the 
bonded display area on February 8, 19(>7. 'Phis mock-up was used to display half-Scale interior, 
surface photographs taken after the fire in C/M 012. 

Drawing SC IX III 1905, Rev. A, indicates the layout of the various areas within the PIB (En- 
closure 4-20). Security was maintained within the PIB through the use of access lists, sign in/out 
lists, and guards stationed at the main entrance and at the entrance to each of the bonded areas 
within the building. (See guard station A, B, and C on Enclosure 4-20.) Guard station B was 
discontinued alter C/M 012 was moved to the bonded work area at the north end of the PIB. 
A member of Panel 4 Disassembly Activities was also present in the PIB throughout all work 
periods. 

c. RELEASE OF IMPOUNDED EQUIPMENT — Immediately after the accident, all Spacecraft 
012 equipment and associated data, and also the Launch Vehicle, at KSC were impounded. This 
was done to establish the configuration of the spacecraft, associated GSE, documents, personal 
tools, and miscellaneous items. 

A Material Release Record System (N1RR) was devised by the Review Board to control the 
release of all impounded items. 'The MRR was the method used to classify items in one of three 
categories as determined by the Apollo 204 Review Board. The three categories were as follows; 

(1) CATEGORY A — Items which may have a significant influence or bearing on the results 
or findings of the Apollo 204 Review Board. 

(2) CATEGORY B — Items other than Category “A" that arc considered relevant to the 
Apollo 204 Review Board investigation. 

(3) CATEGORY C — Material released .from Board jurisdiction. 



Impounded items were systematically reviewed and approved on MRR's for release from Cate- 
gory A to Category B or C by the Apollo 204 Review Board. In those cases for which no con- 
straints to release were made, the items were processed for release by TPS's written and signed 
by the appropriate NASA or NAA systems engineers and signed by the Chairman of the Disassembly 
Activities Panel. In addition, the TPS's were accompanied by release letters signed by the Dis- 
assembly Activities Panel Chairman. 


In those cases for which constraints to release were made by the Review Board, TPS's were 
required to show precisely what steps were to be worked in order to clear the restraints. When 
the restraints were removed, the items were released by TPS's and release letters.. 

The Spacecraft 012 C/M, its systems and components, will be retained in bonded storage in 
Category A or B at KSC. All GSE was appropriately released by MRR. All prepared MRR's 
arc contained in “Schedule of Physical Evidence"; Appendix F to the Final Report of the Apollo 
204 Review Board. 


D. SUPPORTING DATA 

List of Enclosures 


Enclosure 

Description 

Drawing or 
Ncg. Xo. 

4-1 

Level A-8 • looking .toward East Wall 

B-128-1-C 

4-2 

Level A-8 - looking toward North Wall 

B-128-2-C 

4 3 

Level A-8 - close-up of Pad Leader's desk 

B-128-5-C 
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4-4 

Hardware removal and disposition panel modus operandi 

4-5 

False floor installed in spacecraft 

4-6 

Electrical interface photography 

4‘7 

Special sling verification test 

4-8 

C/M being moved out of service structure 

4-9 

C/M on special Sling being lowered to ground 

4-10 

C./M being lowered onto trailer 

4-11 

C/M moving out of gate at Complex 34 

4-12 

Aft heat shield in alignment fixture, with crew- 
compartment heat shield in the foreground 

4-13 

C/M in final work station, with all heat shield 
removed 

4-14 

PIB bond room looking toward the North wall 

4-15 

PIB bond room looking toward the South wall 

4-16 

PIB bonded display area on February 21, 1967 

4-17 

PIB bonded display area on March 14, 1967 

4-18 

Items removed from S/C 012 and placed on display 
or in bonded storage. 

4-19 

C/M 014 and C/M Mock-up 2 

4-20 

AS -204 component arrangement in PIB 


Memo dated 

Feb. 2, 1967 

33-72C-3 

139-315C-11 

94-205-2 

109-281C-3 

U3-276C-1 

109-282C-6 

111-286C-4 

303-651 C-2 

303-654C-1 

303-654C-2 
303-654C-3 
142-322C-3 
303-651 C-3 


303-651 05 
SCX .3 11905 
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TO: 


Those Concerned 


SUBJECT: Designation of Hardware Removal and Disposition Panel ~ 

A Hardware Removal and Disposition Panel has been established to plan and control the removal and 
disposition of AS- 204 spacecraft hardware. The Chairman of the panel will report to the Chairman of 
the Board of Inquiry who will approve the plan and be kept informed of all removal and disposition 
actions. The composition of the panel is as follows: 


Scott H. Simpkinson 
Sam Beddingfield 
John Moore 
Patrick J. Hanifin 


Chairman 

Member 

Member 

Member 


The panel may, call upon MSC. KSC and NAA for necessary assistance in accomplishing its assigned 
task. 

After an intended removal and disposition action has been planned and approved by the Chairman of 
the Board of Inquiry, the actual removal and disposal work within the local KSC area will be executed 
by the Panel through the normal NASA and NAA pad and industrial area organizations. The Panel 
will provide written instructions (in accordance with APOP procedures) and broad supervision to desig- 
nated NASA and NAA operations engineers. The designated operations engineers are Ernie Reyes, 
NASA, and Bruce Haight, NAA. The two designated engineers will arrange for necessary alternates 
to act for them during extra shift operations. The operations engineers will arrange for access to the 
pad and scheduling of their work through the Test Supervisor on duty at Launch Complex 34. 

The following will govern the operation of hardware removal and disposition; 

1. WORK AUTHORIZATION AND DOCUMENTATION 
a. TEST PREPARATION SHEET 

All work on S (’ 012 and on the spacecraft GSE that is, or has been connected to the space- 
craft. is to be authorized by Test Preparation Sheets (TPS's). The TPS is required to be written 
and signed by NAA and NASA KSC-SGO Systems Engineering. The TPS is approved by Signa- 
ture of a NASA and a NAA member of the Hardware Removal and Disposition Panel. 

(1) A specific and complete statement of the “reason for work" is required on each TPS. 

(2) The TPS's arc to consist of step-by-step work items written in a detailed manner that will 
leave no question as to what is specifically required to be done. 

(3) No wire bundle electrical connectors are to be disconnected without specific call-out by 
W/B connector number of the TPS. 

(4) All work on the spacecraft is to be accomplished by NAA technicians unless otherwise 
indicated on the TPS. 

(5) All work is to be witnessed by NASA KSC-SCO and NAA Inspection. In addition, it is 
the responsibility of the HRD panel to make sure that the TPS includes the necessary requirements 
for official observers when required. Upon completion of each TPS work item, the item is to be 
stamped by NASA, NAA Inspection indicating completion. 

(6) It is required that TPS's which authorized removal of equipment from the spacecraft con- 
clude with the following statement as the last item of work: “Transport equipment to the Pyro 
Installation Building (PIB) and stock in bonded storage." 

(7) Work or examination of the equipment upon removal from the spacecraft must be authorized 
by a subsequent TPS which is to begin with a statement that authorizes removal of the .equipment 
from the bonded storage room, if required. 

(8) Upon completion of work authorized by a TPS. it is required that a summary statement 
be made on the last TPS mod sheet by the NASA NAA Systems Engineers. The summary state- 
ment is to include all items of a significant nature that were • observed during the work activity 
indicating where follow-up action is needed. 
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b. PPS MODIFICATION SHEEPS 

Whenever a IPS is required to be modified in order to allow continuance of work activity, 
a I PS mod sheet is required. 1 lu* l PS mod sheet is required ;o he written and signed by NAA 
and NASA KSCSCO Systems Engineering and the Chairman of the Hardware Removal and 
Disposition Panel, In addition 

(DA spec i lie and complete statement of the reason for the mod sheet is required on each ITS. 
(2) The TPS mod sheet must authorize work that iK within the intent of the ordinal TPS. 

c. PAR IS INSTALLATION AND REMOVAL RECORD 

All equipment or material removed front the spacecraft must he documented on a Parts In- 
stallation and Removal Record (PIRR). The information noted on the PIRR consists of a part 
number til available or applicable); a description of the equipment or material; and time and 
date ol removal. 

I he. PIRR is to he used as noted in the APOP. with Q(! required to buv oft all entries. 

d. PAR IS LAC. 

All equipment or material removed from the spacecraft must be tagged with a parts tag. The 
tag is to he attached to the hardware in such a manner that will not affect the condition of the 
equipment. The tag is to be attached to the container or bag that the material is placed into. 

(D The parts tag is to accompany the equipment or material at all times. 

(2) Hardware removal tape: 

It is required that prior u>. removal ot spacecraft hardware; spacecraft System components; 
disconnect ot spacer rah electrical connectors; and, disconnect of spacecraft plumbing lines, a 
short length ol silver gray tape he attached across the mating line between the hardware to be 
removed and the adjacent hardware remaining in the spacecraft. 

An indexing line is to be then marked on the tape with a black ballqmim pen at right 
angles to, and acr- the hardware mating line. A numhci correlating to the spacecraft hard 
ware removal form entry is also to be written on each end ot the tape 

Die tape is then cut along the hardware mating line and the hardware is removed from 
the spacecraft 

l'hc purpose ot the indexing tape is to provide a capability of duplicating the as was 
installation as accurately as possible, if and when necessary 
c. APOLLO FftE-FLir.HF OPERATIONS PROCEDURES MANUAL (APOP). 

I he APOP is the relerence document to he used durmg all work activity on the spacecraft 
Where ditterences exist between this memo anil the APOP, this memo is the ruling document 
f. A separate investigation PAIR lunik has been establishing and all PPS s associated with spacecraft 
work, including DSL. will be retained in the investigation PAIR lunik. Copies of completed TPS 
with all deviations, mod sheets, summaries, and other notations, shall be tunushed to the* Chairman, 
one to be distributed to the Hoard 

2 WORK SUITOR P 

a. OPERATIONS ENGINEERING. 

It is required that NASA KSU SUO and N A A Opeiatums P.ugmeers be on duly *n tbc space 
craft on an around the clin k basis 

( 1) The Operations Engineers represent the IIRD Panel at. the spacecraft ami at the PIH 
Phe\ are in charge of the operations at the sites 

(2) The Operations Engineers have the resjHmsibihtx to schedule the dait\ spacecraft activitv 
m detail Phev also have thr authority to stop work on the spacecraft when deemed necessary 

[ M I hr Operations Engineers- are re ponsihle to maintain a spacecraft log. which documents 
all activitv on the spacecralt on an hourly basis \ iopv of the. log is to he provided to the HUD 
Panel and is to be updated on a dailv basis . 
b SYSTEMS ENGINEERING 
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It is required that NASA K SC SCO and NAA SYSTKMS Kngmeers hr on duty on a first 
shift basis with an evening shill contact specified by name, 
c. QCAL1TY CONTROL 

It is required that NASA K SC SCO and NAA Inspection personnel he assigned at the space 
craft oil an around-the-clock basis, h is required that NASA K SC SCO and NAA Inspection he 
assigned in the RIB bonded storage room on an around the -clock basis. 

GKNKRAL 

1. No task will be initiated until those individuals assigned to accomplish the task are thoroughly 

briefed by. the responsible engineer and the Accident Investigator. No. disassembly task will he per- 
formed, oil S C 012 until the same task has been performed on S C 014 by the same individual. 

2. Access to. the Spacecraft area will he tightly controlled and will he restricted to those individuals 

who have a specific task associated with the accident investigation. Specific pad access will he con 

trolled by the test supervisor on duty at Launch Complex 114 through the pad leader at the Command 

Module. 

T Requests lor work in the spacecraft .or on any equipment attached to the spacecraft >>ill conn 
from unlv one source, defined as follows. 

THL AROLl.O 204 RKVILW HOARD. When a specific task has been defined by the 
Apollo 204 Review Hoard, the applicable systems group will he directed by the Hardware 
Removal and Disposition Panel to prepare a ITS of the task for submittal to the Review Hoard 
for approval, if indicated in the task request by the Hoard. The IRS. a more detailed plan of the 
task to be accomplished, will contain the applicable signature's ol the Hardw are Removal and Dis 
position Hand as discussed m paragraph l almvc. 

s Scott H. Simpkinson 
Chairman 

s John Nl. Moore 
Member 

s I . Janokaitis for S. T. Hedditiglidd 
Member 

v RatnckJ. Hamfin 
Member 
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Modification to Memo "Designation of Hardware Removal and Disposition Panel" 

Mr. Dean F. Grimm is assigned as a special representative of the HRD panel to work in the PIB. 
Mr. Grimm is authorized to sigh all TPS and mod sheets for the HRD panel for work in the PIB. 
The designated operations engineers are Mr. R. G. Covel of NASA, and R. A. Gor£ of NAA. The 
two designated engineers will arrange for necessary alternates to act for them during extra shift bper 
at ions. 

Paragraph 1. (a) step 5 is modified to read "All. work is to he witnessed by both NASA KSC-SCO 
and NAA Inspection unless specified otherwise on the TPS'*. 

Paragraph l. (h) is modified to read "Whenever a TPS is required to be modified in order to allow 
continuance of work activity, a TPS mod sheet is required. The TPS mod sheet is required to be 
written and signed by NAA and NASA- KSC-SCO system engineering and the Chairman of the Hard- 
ware Removal and Disposition Panel if the Chairman is present. Mr. S. T. Beddingfield is authorized 
to sign in the chairman's absence. If Mr. Beddingfield is not present then the astronaut on duty can 

si S n " 

(1) A specific and complete statement of the reason for the mod sheet is required on each IPS. 

(2) The TPS mod sheet must authorize work that is within the intent of the original TPS. 

(3) The Chairman of the committee must be appraised of the mod as soon as practical. 

The following astronauts will be on dut> 

Major Donn Kisele 
Captain Stuart Roosa 
Major Ed Givens 
Captain John F. Swigert 


s Patrick 1 H anifin 
Member 
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ITEM REMOVED FROM S/C 012 AND PLACED ON DISPLAY OR IN BONDED STORAGE 




Revised 3/4/67 


LOG No. 

NOUN 

PIRR No. 

TPS 

1 

Bolt Assy 

38 

001 

2 

Boh Assy 

36 

001 

3 

Bolt Assy 

39 

001 

4 

Bolt Assy 

37 

001 

5 • 

Screw 

21 

004 

6 

Splice - 

19 . 

004 

7 

Splice 

15 

004 

8 

Splice 

17 

004 

9 

Splice 

18 

004 

10 

Splice 

16 

004 

11 

Splice 

13 

004 

12 

Mating Hardware 

40 

001 

13. 

Mating Hardware 

42 

001 

14 

Mating Hardware 

44 

001 

15 

Mating Hardware 

43 

001 

16 

Switch Lock 

N7A 

N A 

17 

Debris 

1 

001 

18 

(Oil) Debris 

3 

004 

19 

Debris 

5 

004 

20 

(Rubber Finger) Debris 

6 

004 

21 

Debris 

11 

004 

22 

Debris 

12 

004 

23 

Debris 

14 

004 

24 

Debris 

20 

004 

25 

Debris 

23 

010 

26 

Debris 

25 

010 

27 . 

Debris 

32 

001 

28 

(Filler) Debris 

47 

003 

29 

(Filler) Debris 

48 

003 

30 

(Filler) Debris 

49 

003 

31 

(Filler) Debris 

50 

003 

32 

(Tape) Debris 

51 

010 

33 

(QC Note) Hardware 

•• 

• • 

34 

B.P.C. FWD Sect. 

36-44 

001 

35 

Boost Protect Hatch 

• • 

-* 

36 

Boost Protect Cover 

10 

004 

37 

Boost Protect Cover 

9 

004 

38 

Boost Protect Cover 

7 

004 

39 

Boost Protect Cover 

8 

004 

40 

FVM1 Heat Shield 

105 

003 

41 

Switch Checklist 

142 

012 

42 . 

Pilot Logbook 

140 

012 

43 

Divider . 

145 

012 

44. 

Debris 

147 

012 

45 

Debris 

150 

012 

46 

Pack. Pad 

146 

012 . 

47 

■ CoveD Divider 

144 . 

012 

48 

(R.IL Couch} L.II. Arm Rest 

139 

012 


r 
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49 

Back Pad 

148 

012 

50 

Handbook 

141 

012 

51 

(Pilot) Logbook . 

138 

012 

52 

Debris 

149 

012 

53 

Debris 

151 

012 

54 

Paper 

143 

012 

55 

Cobra Cable 

158 

012 

56 

Small Debris 

159 

012 

57 

Small Debris 

156 

012 

58 

- Small Debris 

160 

012 

59 

Small Debrifc 

157 

012 

60 

Small Debris 

154 

012 

61 

Cable Run 

153 

012 

62 

Loose Debris 

155 

012 

63 

Debris 

137 

012 

64 

Back Pad 

152 

012 

65 

Head Rest (Center) 

161 

015 

66 

Hardware for Head Rest 
Center Couch 

162 thru 167 

015 

67 

Head Rest L.H. Couch 

168 

015 

68 

Hardware for Head Rest 
L. H. Couch 

169 thru 174 

015 

69 

Head Rest R. H. 

175 

015 

70 

Head Rest R.H. Hardware 

176 thru 181 

015 

71 

Leg Rest R.H. Couch 

182 

015 

72 

Hardware Seat Belt 

183 

015 

73 

Screw 

184 

015 

76 

Inner Hatch 

189 

016 

77 

Outer Hatch 

190 

016 

83 

Debris 

135 

004 

97 

Hand Controller 

187 

015 

99 

CTR Couth Leg Rest 

191 

015 

100 

L.H. Couch Leg Rest 

221 

015 

101 

Debris 

225 

015 

102 

L.H. Crew Couch Hardware 

222 thru 224 

015 

103 

Bracket 

192 thru 194 

015 

120 

Base Assy 

226 

015 

131 

SCS Phase Inverter 

256 

018 

136 

Translation Controller 

268 

022 

141 

Egress Tun. Hatch 

276 

023 

149 

1 Bag Debris 

271 

015 

150 

l Bag Debris 

272 

015 

151 

1 Bag Debris 

273 

015 

152 

l Head Rest Pad 

275 

018 

159 

Debris 

292 

018 

160 

Debris 

259 

018 

161 

Pip Pin 

293 

024 

162 

02 Hose Crnbilic.il 

279 

023 

163 

02 Hose Umbilical 

278 

023 

ti>4 

02 ! fos' Umbilical 

280 

023 

163 

Torque Tube 

293 

024 

166 

H< wik 

336 

012 

107 

Book 

333 

012 

108 

Book 

337 

012 



! 
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169 

L.H. Crew Couch 

358 

024 

170 

R.H. Crew Couch 

308 

024 

171 

CNTR Crew Couch Back Rest 

301 

024 

172 

R/HZZ Strut 

302 

024 

173 

Z Axis L.H. Strut Assy 

354 

024 

174 

R.H. Couch Strut Assy Head 

307 

024 

175 

L.H. XX Strut 

360 

024 

181 

Pitch RCS 8 PC Access 

325 

018 

192 

Debris 

359 


193 

Bolts 

299 

024 

194 

Bolts 

298 

024 

195 

Loose Debris 

300 

024 

196 

Bolt- Nut Washer 

357 

024 

197 

Bolt- Nut 2 Washers 

353 

024 

198 

Docking Handle 

297 

024 

199 

Bolt -Nut 2 Washers 

306 

024 

2(H) 

Bolt- Nut Washer 

304 

024 

201 

Pip Pin 

296 

024 

202 

Bolt- Nut .Wash* r 

356 

024 

203 

Bolt- Nut Washer 

305 

024 

204 

Bolt- Nut Washer 

355 

024 

229 

Panel 319 

339 

032 

230 

Atten. Panel Assy 

340 

032 

232 

Insulation from Translation Controller 

269 

022 

233 

Comp **C" Scientific 

351 

Oil 

234 

MDAS 

348 

Oil 

235 

(For MDAS) Screws 

350 

on 

236 

Food Cornpt. Door 

341 

033 

237 

Garment Cornpt. Door 

366 

033 

238 

Disconnect P101 (in S, C) 

349 


240 

G&N Panel Screws 

367 

048 

241 

Screws 

352 

048 

242 

Panel 

363 

048 

243 

G&N From Panel (102) 

368 

048 

249 

Water Gun 

373 

050 

250 

W C. Bracket 

374 

050 

251 

Panel 

376 

050 

252 

Screws 

375 

050 

254 

Panel Assy 

383 

053 

258 

Entry * \V\ Battery 

402 

0(H) 

259 

Entry “B** Battery- 

403 

060 

260 

Post Landing Battery 

404 

060 

261 

Batt Mounting Hardware 

405 

000 

2^2 

Suit Ventilator 

NA 

014 

263 

Suit Ventilator 

N.\ 

014 

2(>4 

Suit Ventilator 

NA 

014 

265 

Suit Ventilator 

NA 

014 

Hi 

Suit Ventilator 

NA 

014 

267 

Suit Ventilator 

131 

014 

268 

Suit Ventilator 

132 

014 

2n9 

Suit Ventilator 

130 

014 

270 

lernnnal Board Cmcr 

408 

(M0 

272 

Vri \v > 

409 

040 

273 

Screw s 

410 

040 
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274 

275 

276 
278 
275) 
280 
281 
282 
28 :* 

284 

285 
280 
287. 
288 
280 

290 

291 

292 
2f):* 

294 

295 
290 

297 

298 
295) 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 
314. 

315 

316 

317 

318 
315) 

320 

321 
.22 
<33 
.24 
325 
320 
329 
HO 
>31 


Terminal Hoard Cover 
Terminal Hoard Cover 
Screw 

Main Chute 
Main Chute 
Main Chute 
Retention Flap 
Retention Flap 
Retention Flap 
Screws 
Screws 
Brake Cord 
Ty rap's 
Nor Mex Cord 
02 Analyzer 
02 Analyzer 

16 nun Sequential Camera 

Cable Assy 

Spit Cobra Cable 

16 mm Sequential Camera 

Sensor Cable & Sensor 

Power Cable 

Cobra Cable (SS Rp) 

Hydro Meter Control Unit 
16 mm Power Cable 
Lithium 8; Charcoal 
SCMD Cable Assy- 
Sample on Kim Wipe 
Attenuation Panel (313) 

Rag of LIOH Crystals 
Comp, A Odor Absorber 
Vacuum Cleaner Bag 
Bag of Carbon 
Screws 

Connector Module . 

18 ea. Samples 
02 Panel 
Screws 
H20 Panel 
Panel R.H. E. B. 

Screws 
Screws 
Metal Chip 

L.H. Piece of Wire Switch Guard 
R.U. Piece of Wire Switch Guard 
Screws (4) Nuts (if) Washers (2) 
C.over Plate & Mount Hardware 
002 Sensor 
Bracket C02 Mount 
02 Tank 

02 Tank Mounting Hardware 
Steam Duct K: Mounting Hardware 
Screws (2 ea.] 

Screws (2 ea.) 

Puhe 


411 

040 

413 

040 

412 

040 

419 

067 

420 

067 

421 

067 

426 

067 

121 

067 

425 

067 

423 

067 

422 

067 

430 

067 

427 

067 

429 

067 

108 

007 

109 

007 

480 

081 

47(i 

071 

436 & 437 

071 

480 

081 

483 

081 

484 

081 

477 thru 479 

071 

482 

081 

481 

081 

447 

039 

439 & 440 

071 

432 

062 

486 

039 

450 

035) 

446 

039 

485 

035) 

449 

039 

487 

035) 

448 

069 

451 . 

079 

493 

063 . 

494 

063 

401 

06.5 

489 

o7o 

490 

070 

102 

065 

506 

080 

507 

080 

508 

086 

512 

070 

509 

082 

513. 

05)0 

514 

090 

525 

092 

524 

092 

526 thru 520 

094 

558 

109 

550 - 

109 

555 

108 
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Water Glycol in Plastic Bag 
Pyro “A” Battery 
Pyro "B” Battery 
Access Panel. 

Tube 

Screws 

Samples 

Sector #1 Fairing 

Screws 

Screws 

Screws 

Lock 

Lock 

Lock 

Clamps 

Elect. Module 

Container 

Debris Yalastat 

String Tie 

'Melted Metal 

Tension Tie Bolt 

Counter Sunk Washer 

Spacer 

Washer 

Nut 

Tension Tie Bolt 

Counter Sunk Washer 

Spacer 

Washer 

Nut 

Tension Tie Bolt 

Counter Sunk Washer 

Spacer 

Washer 

Nut 

Strap Assy 

Clamp 

Bolt 

Ablator Plug 
Bolt 

Panel 24 

Panel 24 Hardware 16 Screws 

02 Valve Handle 

LIOH Canister 

Plug Ablator 

Shims 

Debris 

Gas Chromatograph Conn. & Wiring 
A N Tee Bulkhead . 

Water Line Assy . 

C.02 Sensor Line 
C02 Sensor Line 
Water Line 
Delta P Sensor 





622 

108 

556 . 

109 

557 

109 

550 

100 

560 

108 

644 

112 

623 

079 

652 

112 

650 

112 

649 

112 

670 

112 

640 

112 

639 

112 - 

638 

112. 

654 

112 

651 

562 

656 

155 

667 

665 

116 

666 

116 

668 

112 

669 

112 

670 

112 

671 

112 

672 

112 

673 

112 

674 

112 

675 

112 

676 

112 

677 

112 

678 

112 

679 

112 

680 

112 

681 

112 

682 

112 

684 

S/C 012/S/C 112 

549 

S/C. 012/S/C 097 

693 

112 


685 thru 687 
688 
001 
002 
008 

007 

008 
012 
011 
031 

019 

014 
016 
017 

015 

020 & 023 


112 

112 

IV S/C 012 C/M 041 
IV S/C 012 C/M 041 
IV S/C 012 C/M 041 
IV C/M 061 
IY C/M 043 
IY C/M 061 
IV C/M 061 
IY S/C 012 C/M 075 
IY S/C 012 C/M 074 
IY S C 012 C/M 074 
IV S, C 012 C/M 074 
IY S/C 012 C/M 074 
IY S/C 012 C/M 074 
IY S C 012 C/M 074 
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425 

Compression Pads 

025 

S/C 012 C/M 036 

426 

Diffuser 

024 . 

036 • 

427 

Bracket 

030 

036 

428 

Screws 

033 

S/C 012 S/C 036 

429 

Floodlight Hardware 

033 

032 

430 

Floodlight Guard Connector 

034 

032 

431 

Floodlight Hardware 

037 

033 

432 

Floodlight 

033 

032 

433 

Floodlight 

037 

032 

434 

- Watch 

046 

IV C/M 076 

435 

Sunglasses 

047 

IV C/M 076 

436 

Scissors 

048 

IV C/M 076 

437 

Penlight 

049 

IV C/M 076 . 

438 

Survival 

050 

IV C/M 076 ■ 

439 

Neck Dam & Pocket 

051 

IV C/M 076 

440 

Shroud Cutter 

052 

IV C/M 076 

441 

Penlight 

053 

IV C/M .076 

442 

Inlet Temp, Transducer 

045 

IV C/M 074 

443 

Bolts 

054 

IV C/M 074 . 

444 

Debris 

061 

IV C/M 074 

445 

Debris 

062 

IV C/M 074 

446 

Washers 

057 

IV C/M 074 

447 

Debris 

065 

IV C/M 074 

448 

Kim Wipes 

064 

IV C/M 074 

449 

Debris 

063 

IV C/M 074 

450 

ECU 

054 

IV C/M 074 

451 

Bolt ECU Mount 

055 

IV C/M 074 

452 

Washer ECU 

058 

IV C/M 074 

453 

Nuts (ZEA) ECU 

059 

IV C/..I 074 

454 

Washer ECU 

060 

IV C/M 074 

455 

Bolt ECU 

066 

IV C/M 074 

456 

Line, Tubing ECU 3/8" OD (Debris) 

068 . 

IV C/M 074 

457 

Line Tubing 1/4" OD (Debris ECU) 

069 

IV C/M 074 

458 

LI OH Debris (ECU Removal) 

072 

IV C/M 074 

459 

Hardware (ECU Removal) 

073 

IV C/M 074 

460 

R.H. (XX Foot) Floodlight 

075 

IV C/M 059 

461 

L.H. (XX Foot) Floodlight 

074 

IV C/M 059 

462 

Console Floodlight 

079 

IV 029 

463 

Console Floodlight 

078 

IV 028 

464 

Vial of Liquid (ECU) 

082 

IV C/M 074 

465 

Food Compt. B-C-D-E 

083 

091 

466 

Plate & Mount Hardware 

084 

091 

467 

Panel Assy 

087 

091 

468 

Screws, Food Compt. Doubler 

085 

091 

469 

Doubler 

086 

091 

470 

USE Recorder 

092 

046 

488 

Panel #25 

097 

IV C/M 025 

489 

Hardware for Panel #25 

102 

IV C/M 025 

490 

R.H. Rendezvous window 

108 

IVC/M 089 

491 

Screws, R.H . .Rench-z.vor W'ndow 

107 

IV C/M 089 

492 . 

Ablator Plugs R.H. Rend. Window 

103 & 104. 

IV C, M 089 

493 ■ 

L.H. Rend Window 

106 

IV C/M 089 

494 

Screws. L.H. Rend. Window 

105 

IV C/M 089 

495 

Ablator Plugs L.1I. Rend Window 

093 & 094 

IV C/M 089 
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49b 

Mylar (Small piece in Bag) 

111 

S/C 012 S/C 090 

497 

Signal Conditioner Bolts . 

118 

IV S/C. 012 C/M 049 

498 

Dummy Module 

121 - 

IV S/C 012 C/M 049 

499 

Dummy Module 

118 

IV S/C 012 C/M 049 

500 

Dummy Module 

120 

IV S/C 012 C/M 049 

501 

Dummy Module 

117 

IV S/C 012 C/M 049 

502 

Dummy Module 

119 

IV S/C 012 C/M 049 

508 

Power Supply 

115 

IV S/C 012 C/M 049 

504 

Spacer 

116 

IV S/C 012 C/M 049 

505 

Front Retaining Plate 

114 

IV S/C 012 C/M 049 

506 

Front Retaining Panel 

129 

IV S/C 012 C./M 049 

507 

Attenuator Module - 

123 

IV S/C 012 C/M 049 

508 

Amplifier 

124 

IV S/C 012 C/M 049 

509 

Attenuator Module 

127 

IV S/C. 012 C/M 049 

510 

Dummy Module 

122 

IV S/C 012 C/M 049 

511 

Attenuator Module 

125 

IV S/C 012 C/M 049 

512 

Amplifier Module 

126 

IV S/C 012 C/M 049 

518 

Attenuator Module 

128 

IV S/C 012 C/M 049 

514 

Front Retaining Plate 

130 

IV S/C 012 C/M 049 

515 

Dummy Module 

135 

S 1C 049 

516 

Attenuator Module 

133 

S/C 049 

517 

Dummy Module 

136 

S/C 049 

518 

Reg. Module 

132 

S/C. 049 

519 

Reg. Module 

131 

S/C 049 

520 

AMP Module 

138 

S/C 049 

521 

AMP Module 

134 

S/C 049 

522 

AMP Module 

137 

S/C 049 

528 

Data File* Door & Hinge Pin 

141 

IV C.M 106 

524 

Spacers * Top & Bottom* Sig. Cond 

142 & 143 

IV C./M 049 

526 

J1 Module 

152 

IV C./M 049 

526 

Module 

151 

IV C/M 049 

527 

J8 Module 

150 

IV C/M 049 

528 

J4 Module 

149 

IV C./M 049 

529 

J5* Module 

148 

IV S/C 012 C./M 049 

580 

]6 Module 

147 

IV .S/C 012 C/M 049 

581 . 

]7 Module 

146 

IV S/C 012 C./M 049 

582 

]8 Module 

145 

IV S/C. 012 C/M 049 

588 

)27 Module . 

153 

IV S, C 012 C./M 049 

584 

1 28 Module 

154 

IV S/C 012 C/M 049 

585 

J29 Module 

155 

IV S/C 012 C./M 049 

586 

J80 Module 

156 

IV S/C 012 C/M 049 

587 

J 81 Module 

157 

IV S/C 012 C/M 049 

588 

J82 Module 

158 

IV S,C 012 C/M 049 

589 

J 88 Module 

159 

IV S/C 012 C/M 049 

540 

J 84 Module 

160 

IV S/C 012 C/M 049 

511 

J 85 Module 

168 

IV S/C 012 Cl/ M 049 

542 

J36 Module 

167 . 

IV S/C 012 C/M 049 

548 

j 87 Module 

166 

IV S/C 012 C/M 049 

544 

J88 Module 

165 

IV S C 012 C M 049 

545 

|89 Module 

164 

IV S, C 012 C,M 049 

546 

) 40 Module 

163 

IV S,C 012 C/M 049 

547 

J41 Module 

162 

IV S/C 012 C/M 049 

548 

J42 Module 

161 

IV S,C 012 C/M 049 

549 

Spacer 

169 

IV S C 012 C M 049 
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Spacer. 

Screws (SCE Base Plate) 
Screws (SCE Base Plate) . 
SCE Base Plate 
Hardware, Washers & Screws 
Ablator Plugs 

Hardware, Strew & Washer 
Ablator, Astro* Sextant 
Seal 
Seal 

S*Band X- Ponder 
SCT Crown (Lower) 

Screws (4 ea.) 

Screws (3 ea.) 

SCT Crown Half 
Screws (4 ca.) 

Sextant Crown Upper Half 

SCT Crown. Half Lower 

Ablator Plugs 

Telescope Covet 

Sextant Co\ er 

G&X Computer 

Screws 

Controller 

Bex of Controllers 

Panel £ { 2 

Panel #2 (Howe) 

Panel #1 

Hardware for Panel #1 
Hand-Hold 

1 1 aid ware .for Hand-Hold 

Connector Octopus Cable 

night Qual. Recorder 

Bolts 

Washers 

Barrel Nuts 

Bolts 

Poly Tape 
Ablator Panel 
Q. Pelt 

Nutplate Strips 
Z Strip 

Ablative Panel Inner 
Insulation Strip 
Washers (34 ea.) 

Yaw EGA 
Display EC A. 

AUX EGA 
Roll ECA 
Panel 22 . 

Panel 21 
Clam Locks 
MDP Panel *3 
Hardware for Panel »3 
DXC Panel rlO 


170. 

IV S/C 012 C/M 049 

176 

IV S/C 012 C/M 049 

174 . 

IV C/M 049 

175 

IV C/M 049 

178 

IV C/M 090 

110 

IV C/M 090 

177 

IV C/M 090 

109 

IV C/M 090 

181 

IV C/M 090 

182 

IV C/M 090 

185 

IV C/M 125 

192 

IV C/M 090 

200 

IV C/M 090. 

190 

IV C/M 090 

193 

IV C/M 090 

202 

IV C/M 090 

195 

IV C/M 090 

194 

IV C/M 090 

201 

IV C/M 090 

184 

IV C/M 090 

183 

IV C/M 090 

203 

IV C/M 070 

204 

IV C/M 070 

None 

P.I. 031 

None 

P.I. 031 

207 

018 

208 

018 

210 

019 

209 

019 

215 

019 

216 & 217 

019 

219 

IV S/C 012 C/M 130 

212 

IV S/C 012 C/M 045 

787 

S/C 012 S/C 161 

801 

S/C 012 S/C 161 

802 

S/C 012 S/C 161 

800 

S/C 012 S/C 161 

803 

S/C 012 S/C 161 

198 

IV C/M 090 

231 

IV C/M 090 

230 

IV C/M 090 

221 

I V C/M 090 

228 

IV C/M 090 

220 

IV C/M 090 

197 

IV C/M 090 

222. 

IV C/M 052 

229 

IV C/M 051 

238 

IV C/M 053 

243 

IV C/M 055 

257 

IV C/M 023 

254 . 

IV C/M 022 

249 

IV C/M 055 

266 

IV C/M 015 

265 

IV C/M 015 

269 

IV C/M 002 


D-4-54 


643 

Hardware for Panel #10 

268 

IV C/M 002 

644 

. D&C Panel 11 

272 

IV C/M 003 

645 

Hardware, D&C Panel 11 

271 

IV C/M 003 

646 

D&C Panel #16 

276 

IV C/M 010 

647 

D&C Panel #15 

280 

IV C/M Oil 

648 

Hardware, Panel #16 

975 

IV C/M 010 

649 

Hardware, Panel #15 

279 

IV C/M Oil 

650 

Pads 

SM 077 

S/C 012 161 

651 

Washer 

SM 076 

S/C 012 161 

652 

. Safety Wire 

SM 073 

S/C 012 161 

653 

Screws 

SM 064 

S/C 012 161 ■ 

654 . 

Washer 

SM 065 

S/C 012 161 

655 

Cotter Pin 

SM 068 

S/C 012 161 

656 

Nut 

S/M 069 

S/C 012 161 

657 

Washer 

S/M 070 

S/C 012 161 

658 

Screw 

S/M 071 

S/C 012 161 

659 

Bolt 

S/M 074 

S/C 012 161 

660 

Nut 

S/M 075 

S/C 012 161 

661 

Washer 

S/M 078 

S/C 012 161 

662 

Debris 

S/M 083 

S/C 012 161 

663 

Half Ring 

S/M 066 

S/C 012 161 

664 

Support 

S/M 079 

S/C 012 161 

665 

Ring 

S/M 080 

S/C 012 161 

666 

Seal 

S/M 081 

S/C 012 161 

667 

Screws, Mount Panel #12 

284 

C/M 009 

668 

D&C Panel #12 

285 

C/M 009 

669 

PCM #1 

287 

IV S/C 012 C/M 047 

670 

Nut (PCM #1) L.H. 

289 

IV S/C 012 C/M 047 

671 

Cold Plate Fuzz 

297 

IV S/C 012 C/M 047 

673 

PCM #2 

290 

IV S/C 012 C/M 048 

674 . 

VHF Multiplexer 

300 

IV C/M 127 

675 

S*Band Pwr. AMP 

301 

IV C/M 126 

676 

Pitch EC A 

310 

IV C/M 054 

677 

Main DSKY 

312 

IV C/M 020 

678 

Mount Screw for Main DSKY 

313 

IV C/M 020 

679 

Shock Washers for Main DSKY 

315 

IV C/M 020 

680 

Shock Washer Triangle Main 

314 

IV C/M 124 

681 

DSKY 

319 

IV C/M 124 

682 

Cold-Platc Fuzz 

320 

IV C/M 124 

683 

,k C" Band 

321 

IV C/M 132 

684 

Cold Plate Fuzz 

324 

IV C/M 132 

685 

Panel #5 

334 

IV C/M 017 

686 

UHF FM Xmitter 

325 

IV C/M 131 

687 

UHF AM Recovery Beacon 

330 

IV C/M 123 

688 

UHF AM Rec. Cold Plate Fuzz . 

330 

IV C/M 123 

689 

Nut UHF AM Rec. 

340 

IV C/M 123 

690 

Panel #4 FDAI 

337 

IV C/M 016 

691 

Cold Plate Fuzz 

339 

IV C/M 016 

692 

Pre- Modulation Processor 

345 

IV C/M 138 

693 

P&C Panel #7 

349 

IV C/M 013 

694 

Pane! ~6 

352 

IV C/M 014 

695 

Door Assy. & Screws 

S/M 155 

IV S/M 006 

696 

#2 Inverter 

C/M IV 353 . 

IV C/M 085 

697 

Bolts Inverter 

C/M 354 

IV C/M 085 
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■ 
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698 

Panel S/M *4 

S/M 170. 

IV S/M 006 

699 

Cover Assy. 

S/M 165 

IV S/M 006 • 

700 

Cover Assy . 

S/M 167 

IV S/M 006 

701 

Cover Assy. 

S/M 164 

IV S/M 006 

702 

Cover Assy. 

S/M 166 

IV S/M 006 

703 

Inverter #1 

C/M 355 

IV C/M 085 

704 

Mount Bolts 

C/M 355 

IV C/M 085 

706 

#3 Inverter & Hardware 

357 & 358 

IV C/M 085 

716 

Splice BPC 

359 

IV C/M 050 

717 

Audio Center 

363 

IV C/M 144 , 

727 

Panel #8 Display 

375 

IV S/C 012 

728 

Screws 

371 

IV S/C 012 012 

729 

Debris 

372 

IV S/C 012, 012 

730 

Panel 19 

373 

IV S/C 012 07 

731 

Screws 

375 

IV S/C 012 07 

732 

Blank Panel #17 

376 

IV S/C 012 C/M 139 

733 

Mount Screws Panel #17 

377 

IV C/M 139 

734 

Hand Hold . 

380 

IV C/M 005 . 

735 

Panel #18 

378 

IV C/M 005 

736 

Screws Panel #18 

379 

IV C/M 005 

737 

Debris 

S/M 146 

IV S/M 004 

738 

Burned Paper 

See Note on Qll Tag 

See Note on Qll Tag 

739 

D&C Panel #20 

390 

IV C/M 008 

740 

Panel #20 Screws 

389 

IV C/M 008 

741 

AC Control Box 

395 

IV C/M 135 

742 

AC Control Box Mount Bolt 

396 

IV C/M 135 

743 

AC Corn. Unit Nut Plate Bracket 

394 

IV C/M 135 

744 

Separation Monitors 

154 

S/M IV 008 

745 

Debris 

171 

IV S/M 008 

746 

Debris 

172 

IV S/M 008 

747 

Debris 

174 

IV S/M 008 

748. 

Debris 

173 

IV S/M 008 . 

749 

Biomed. Ext. Cable 

244 

IV 018 

750 

Physio Simulator 

244 

IV 018 

751 

Battery, Charger & hardware 

397 

IV 133 

752 

Motor Switch C14-56 

402 

IV 134 

753 

Motor Switch C14-53 

404 

IV 134 

754 

Motor Switch & Hardware C14-52 

403 

IV 134 

755 

Cable Clamps 

400 

IV 134 

756 

Screws 

401 

IV 134 

757 

NAY DSKY 

422 

4V C/M 092 

758 

Screws 

423 

IV C/M 093 

759 

Eye Piece (Unit 103) Stowage Compt. 

C/M 425 

IV S/C 012 C/M 093 

760 

G&N Indicator Panel 105 

C/M IV 427 

IV S/C. 012 C/M 094 

761 

Mounting Bolts for G&N Panel 105 

C/M 428 

IV S/C 012 C/M 094 

762 

\V B Assy, tnsul. Rotation Cont. 

■ 

C/M 049 C/A 

763 

PSA Tray #9 

430 

IV C/M 103 

764 

PSA Tray #10 

429 

IV C/M 104 

765 

PSA Tray #2 . 

432 

IV C/M 102 

760 

PSA Tray #1 . 

431. 

IV C/M 101 

767 

PSA Tray #4 

434 

IV C/M 096 • 

768 

PSA Tray #3 

433 

IV C/M 095 

769 

PSA Tray #5 

435 

IV C/M 097 

770 

PSA Tray #0 

436 

IV C/M 098 
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\ 771 

PSA Tray #7 

772. 

PSA Tray #8 

773 

CDU#1 

: i 774 

CDU #2 . 

^ 775 

CDU #3 

* 776 

CDU #4 

i , 777 . 

CDU #5 

778 

Signal Conditioner 

K 779 

Panel 101 & Hardware 

k 780 

Rate Gyro 

781 

Gyro Attitude 

782 

Master. Event Scq. Corn. 

783 

Master -Event Scq. Cont. 

784 

Debris 

; 785 

Piece of Glass 

786 

Panel 150 Conn. Mount Screws 

798 

"C” Band Antenna 

1 799 

Panel C/M 5 

800 

Clamps 

801 

Clamp 

802 

Clamps 

803 

Cushion 

804 

Clamps 

805 

Clamp 

806 

Clamp 

i 807 

Clamp 

808 

Life Preserver 

1 809 

Screws 

810 

Screws 

811 

Screws 

812 

Screws 

813 . 

String Tie 

814 

Clamp 

815 

Clamp 

r 816 

Unidentified Material 

817 

Clamp 

818 

Teflon Wrapping 

819 

Screw C/M 6 

820 

Clamp Set 

821 

Metal Bead 

822 

Screws . 

823 

Rod 

1 824 

T/B Cover 


437 

IV C/M 099 

438 

IV C/M 100 

439 

IV C/M 112 

439 

IV C/M 112 

439 

IV C/M 112 

439 

IV C/M 112 

439 

IV C/M 112 

444 

IV C/M 119 

446 

IV C/M 113 

448 

IV C/M 056 

449 

IV C/M 057 

405 

IV C/M 062 

413 

063 

204 

IV S/M 005 

202 

IV S/M 005 

460 

IV C/M 149 

461 

IV C/M 121 

463 

IV C/M 121 

485 

IVC/M 174 

492 

IV C/M 174 

469 

IV C/M 174 

495 

IVC/M 174 

488 

IV C/M 174 

490 

IVC/N1 174 

482 

IV C/M 174 

483 

IV C/M 174 

473 

IVC/M 174 

470 

IV C/M 174 

489 

IVC/M 174 

486 

IVC/M 174 

487 

IV C/M 174 

494 

IVC/M 174 

491 

IV C/M 174 

493 

IV C/M 174 

478 

IVC/M 174 

484 

IVC/M 174 

471 

IVC/M 174 

470 

IVC/M 121 

456 

IV CM 121 

465 

IVC/M 171 

455 

IVC/M 171 

472 

IVC/M 121 

481 

IVC/M 174 





f 
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825 

Panel 150 String Tie 

47<> 

820 

Screws C M. 18 

827 

Fell 

49') 

828 

C.l-elt 

49H 

m 

Mourning Screws 

505 

882 

Mount Screws 

500 

888 

Panel 150 Vytb Bat < H 

4 l H> 

884 

Adhesive 

* 

885 

Sample Bottle 

501 

880 

Stowage Door Winmm Clean . 

887 

Panel 201 

504 

502 

888 

Panel 202 Waste Management 

889 

Screws tor Pnl. 202 

508 

840 

Holts* Ileal Shield 

010 

841 

Scissors iSr Suit Debris 

581 

842 

Suit Debris 

580 

848 

Sun CilaSses 

529 

844 

C*tsc Sun Ci lasses 

582 

845 

Dosimeter 

525 

849 

Molten Metal 

588 

847 

Molten Metal 8; Wire 

585 

848 

Molten Metal 

584 

849 

Metal 

527 

850 

Metal 

528 

851 

Tubing 

529 

852 

Screws 8; nuts 

524 

858 

( ’Limps 

528 

854 

Asbestos Insulation 

544 

855 

Pic* e ol I iherglass 

518 

85(» 

Shims 

541 

857 

l ihct glas^ 1 ape 

548 

858 

ta 1 Vh 

552 

859 

Rl t ’able ( damp 

555 

890 

J87 Mounting Hardware* 

557 

89l 

\F l 1 le.u Shield 

510 

892 

( '.able 1 8 . imps 

590 

898 

Cable 15 a\ 

591 

894 

Bolls tor t ’.able Tra\ 

598 

895 

Bolts tor Cable 1 rav 

592 

890 

Samples 1* 11 Crew Cm tell 
I. 11 Foot Rest 

405 

897 

Satel\ Wire 

405 

898 

(.able 1 \a\ \ssw, With ll.iulw.ne 

5til.598.599 

899 

\u Ddtusei 8 Cable I’rav 

559.5ti9.558.597 

871 - 

Cable l r.iv %Sr Hardware 

599. 505 

872 

Debris troin above Cable l ra\ 

C Nl 505 

878- 

Insulation ( ’.M<> 

570.571.572 

874 

Heat Sink 

578 

8< a 

Bolts Heat Sink Mounting 

577 

8i 9 

Wire Pwisted Pair 

597 . 

877 

Roll Fngine C\V 

580 

Hi 8 

Panel 8: Fngine Roll CCW 

499 


SPHBWPPI 


IV C M 140 
IV C.' \l 121 
IV CM 121 
IV C M 121 
IV C M I4 . p ) 

IV C M 145 
IV C M 140 
MA 008 
S;C 017 
IV CM i4r» 
iv C M 14f> 

IV C M 145 
IV C Nl 145 
IV C M oi»:i 
IV CM 147 
IV C M 147 
IV C M 147 
IV CM 147 
IV C M 147 
IV C M 147 
IV CM 147 
IV C M 147 
IV C M 147 
IV C. M 147 
IV C M 147 
IV C M 147 
IV C Nl 147 
IV C M 04.1 
IV C M 045 
IV C M 04.1 
IV C M o»:i 
IV C M 121 
IV C M 121 
IV C M 121 
IV C M 04.1 
IV C M 121 
IV CM 121 
IV C M 121 
IV C M 121 
C M M A 007 

IV C Nl 0<>2 
IV C M 121 
IV C M 121 
IV C M 121 
IV C M 121 
IV C M 140 
IV C M 140 
IV C M .140 
IV C M 178 
IV C M 140 
IV C M 121 
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Pencil* Debris Red Matl. 

Q. Felt 
Bolts 
q. Felt 

Cable fray S: Hardware 
C .able Fray & Hardware 
Cable Tray & Hardware 
Cable Tray 
q. Felt 

Blanket CCAV Engine 

Blanket CW Engine 

Heat Sink 

Engine Bolts 

Hardware 

Bolts 

Blanket “A" 

Blanket 

Panel & Engine C\V Roll 
q. Felt 

Engine, Yaw System "B 
Engine, Yaw System "A 
Engine CCAV 
Bolts 

Cable 'Pray & Hardware 

q. Felt 

Cable Fray & Hardware 
Blanket vS; t Yaw 
Blanket & t Yaw 
l lardware 
Nuts & Washers 
Engine t Pin h System A 
Engine i Pin h System B 
Engine t \ aw System A 
Engine t \ aw System B 
Protective Clover “Pitch 
Bolts N Washers 
Steam Duct 
Debris 

+ Pitch Engine Blankets 

RCS Cent. Box 0.19A1 

Screws & Washers 

Air Vent 

Washer 

Nuts - 

Washer 

RCS Cont. Box 
RCS Motor SW Assy. 

Clamps & Screws 
Debris 

Pitch Engines A&B and Mounting 
Struct 

Mounting Hardware * Pitch 
Insulation Blanket 
( '.able ( ‘.lamp 


603 

C./M 073 

601 

IV C/M 121 

579 

IV C/M 140 

584 

IV C/M 043 

605 

IV C./M 121 

602 

IV C/M 121 

598*600 

IV C./M 121 

595 

IV C/M 121 

584 

IV C/M 043 

606 

IV C/M 140 

611 

IV C./M 140 

583 

IV C/M 140 

614 

IV C/M 140 

599 

IV C/M 121 

613 

IV C./M 140 

592 

IV C/M 140 

593 

IV C/M 140 

616* 477 

IV C/M 140 

594 

IV C/M 043 

590 

IV C/M 140 

591 

IV C./M 140 

615 

IV C/M 140 

589 

IV C/M 589 

604 

IV C./M 121 

584 

IV C/M 140 

617 

IV C/M 121 

629 

IV C/M 140 

628 

IV C./M 140 

637 

IV C/M 140 

547, 548 

IV C./M 121 

644 

IV C/M 140 

645 

IV C/M 140 

635 

IV C/M 140 

634 

IV C/M 140 

646 

IV C/M 140 

643 

IV C/M 140 

549 

IV C/M 121 

549 

IV C/M 121 

638 

IV C/M 140 

673 

IV C/M 007 

of 4 

IV C/M 007 

672 

IV C/M 121 

659 

IV C M 121 

658, 670 

IV C N1 121 

671 - 

IV C/M 121 

669 

IV C M 008 

697 

IV CM 009 

711, 712 

IV C M 009 


IV C M 009 

721 

IV CM 140 

720 

IV CM 140 

627 

IV CM 140 

715 

IV CM 121 






932 

Bracket 

933 

Screws 

934 

Screws for RCS Coni. Box 

935 

Screws for H20 Water Panel 

936 

Water Glycol 

937 

Washers, Bolt, Spacer 

938 

Nut Plate Assy. 

939 

Bolts Stringer #5 

940 

C/C Heat Shield 

941 

Q. Felt 

942 

Cob r a Cab le 

943 

Wire 

944 

1 lard ware 

945 . 

l lard ware 

946 

Bonding Jumpers 

947 

Cotter Pins 

948 

Bolts 

949 

Debris 

950 

Hardware and Mounting 

951 

Washers 

952 

Safety Wire Umbilical 

953 

Spacer 

954 

Scanning Telescope 

955 

Optics Shroud Assy. 

956 

Screws Optics Mount 

957 

1)&C Panel C.&N 

958 

Screws 1)&G Mount 

959 

Samples 

960 

Soot Samples 

961 

Soot Sample 

962 

Ring Phenolic 

963 

Ring Teflon 

964 

Ring Phenolic 

965 

Seal Teflon S*t. 

966 

Bolts 

967 

Nav. Base Optics Assy. 

968 

IMU 

969 

Bolts 

970 

Bolts w . washers 

971 

Control Klee. Assy. 

972. 

USBK Front Panel 

973 

Oo Surge Tank 

975 

Oo Valve Assy. 

976 

Hardware Surge lank 

977 

Outlet Fine Surge 'lank 

978 

Surge 'l ank ISO N aive Inlet Fine 

979 

Bolts 

980 

l ube Assy 

981 

Oo Relief Valve 

982 

Water Glycol Valves 

983 

Hand Gontrin’er Cable 

984 

Fee (Adapter! 

985 

Valve . 

986 

Cobra Cable 



754 

IV C/M 121 

753 

IV C/M 121 

670 

IV C/M 068 

492. 

S/C 012 065 

. . 

IV C/M 121 

750, 751, 752 

IV C/M 121 

741 

IV C/M 121 

732 

IV C/M 121 

742 

IV C/M 121 

648 

IV C./M 121 

762 

C/M C./A 065 

767 

IV C/M 179 

764 thru 766 

IV C/M 179 

710, 713, 714 

IV C/M 121 

761 

IV C/M 121 

67(1 

IV C/M 121 

624 

IV C/M 121 

760 

IV C/M 121 

726 

IV C./M 121 

626 

IV C/M 121 

763 

IV C/M 121 

625 

IV C./M 121 

768 

IV C./M 151 

770 

IV C./M 111 

769 

IV C./M 111 

771 

IV C./M 118 

773 

IV C/M 118 
IV C/M 099 
MA C./M 008 
MA C./M 008 

783 

IV C/M 176 

782 

IV C/M .76 

784 

IV C./M 176 

781 

IV C/M 176 

791 

IV C/M 126 

795 

IV C/M 176 

780 

IV C/M 176 

785 

IV C/M 176 . 

796 

IV C/M 176 

790 

IV C/M 176 

814 

IV C/M 168 

812 

S C 012 S/C 095 

804 

S/C 012 IN’ C./M 

814 

IV C/M 153 

800 

IN’ C/M 153 

799 

IN’ C/M 153 

807. 

IN’ C./M 153 

816 

IV C./M 153 

808- 

IV C./ M 153 

834 . 

IV C M 153 

833 

IV C M 122 

830 

IV C./M 122 

826 

IV C M 153 • 

832 

IV C. M 122 


D-4-60 


987 

Cobra Cable . 

988 

Cobra Cable 

989 

Mtg. Brkt. Hardware 

990 

CMC “Y" Wire Assy 

991 

Press- Xclucer 02 Surge Tank 

992 

Box Assorted Items 

993 

Panel 31fi C23Z2 

994 

Hand (Long) Hold Assy 

995 

Short Hand Hold Assy 

996 

l.M Ret. Cont. Mount 

997 

G&N Eye Relief 

998 

Loop Clamp G&N- 

999 

Scrcws Panel 31b 

1000 

Bracket & l lardwarc 

1001 

Wire Harness Cover 

1002 

ELSC 

1003 

K1.SC 

1004 

Shim. Toe Cap 

1005 

Screw 

loots 

Screw & Nuts 

1007 

PSA Toe Plate 

1008 

Thermal Interface Mat'L 

1009 

Wire Covering 

1010 

Screws 

1011 

Connectors \v Screws 

1012 

('lamps & Hardware 

1013 

CDY Frame Assy 

1014 

Stringers 

1015 

PSA & Connector Assy 

1010 

Panel 2(H) Invert Sync 

1017 

Bracket for Panel 209 Invert Sync 

1018 

Screws Panel 209 Mount 

1019 

Panel 208 Invert Sync Box 

1020 

Screws Panel 208 Mount 

1021 

Plate Below Frame R, II Side 

1022 

Panel 208 & Hardware 

1023 

Attenuator Panel 

1024 

Alton. Panel Mlg. Screws 

1025 

Relay Box (VOL) 

1020 

PCYB & Hardware 

1027 

1 leal Shield Sample 

1028 

Alt Heal Shield Sample 

1029 ' 

TV Camera 

1030 

Wire Harness 

1031 

nSF.A Voice Tape Recorder 

1032 

Film Magazine lb mm 

1033 

Panel 100 

1034 

Screw for Pnl 100 

1035 

Guard Plate Assy 

1030 

Panel 200 

1037 

Hardware for Pnl 200 

1038 

Guard Plate Assv 

1039 

Cl 4 AH. Phase Cotiet tmg Bos 

1040 

Screws ( ( :14 \8> w 


829 

IV C./M 122 

831 , 

tV C/M. 122 

828 

IV C/M 153 

839 

IV C./M 193 

809. 

IV C./M 153 
PI 047 

842 . 

IV C/M 107 

843 

IV C/M 084 

844 

IV C/M 084 

846 

IV C/M 084 

845 

IV C/M 084 

817 

IV C./M 180 

840 

IV C/M 107 

822 

IV C./M 192 . 

824 

IV C./M 192 

8(>6 

IV C/M 064 

801 

IV C/M 065 

884 

IV C/M 120 

880 

IV C/M 120 

881 

IV C/M 120 

883 

IV C/M 1"0 

847 

IV C/M 120 

852 

IV C/M 192 

879 

IV C/M 180 

879 

IV C. M 180 

885 

IV C/M 120 - 

879 

IV C/M 180 
IV C/M 121 

873 

IV C/M 180 

880 

IV C/M 183 

904 

IV C/M 183 

887 

IV C./M 183 

903 

IV C/M 184 

902 

IV C. M 184 

910 

IV C/M 179 

905 & 907 

IV C, M 169 

908 

IV C M 169 

909 

IV C M 169 

913 

IV C, M 198 

918 

IV CM 066 

930 

IV C M 191 

928 

IV C M 191 

931 

IV CM 082 

934 

IV CM 081 

933 

IV C M 081 

480 

C M M.\ 013 

93ft 

IV C M 027 

934 

IV C M 027 

941 

IV C M 026 

940 

IV C M 026 

937, 943. 942 

IV C M 026 

947 

IV. CM 182 

94ft 

IV C M 182 

944 

IV C M 182 
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1095 

Panel 26 Hardware 

1039 

IV C/M 024 

1096 

Mtg. Brkt. C151A52 

1043 

IV C/M 205 

1097 

Cable Clamp 

1044 

IV C./M 205 

1098 

Motor S\V Panel C14A3 

1045 

IV C/M 205 

1099 

Helmet Bag 

1047 

IV C/M 080 

1100 

Helmet Bag 

1046 

IV C/M 080 

1101 

Helmet Bag 

1048 

IV C/M 080 

1102 

Close-Out Panel 

1049 

IV C/M 001 

1103 

Potable Water Assy. 

1053 

IV C/M 001 

1104 

LEB Hardware 

1057 

* IV C/M 179 

1105 

Hardware Data Tray 

1058 

IV C/M 192 

1106 • 

Access Panel 206 

1059 

IV C/M 206 

1107 

1/4 "Snap On" Socket 

1063 

IV C/M 192 

1108 

LEB Hardware & Brackets 

1062 

IV C/M 192 

1109 

Wire Harness Wrap 

1064 

IV C./M 192 

1110 

Clamps 

1065 

IV C/M 192 

1111 

Xducer Mount Hardware 

1068 & 1069 

IV C/M 201 

1112 

Press Xduecr 

1070 

IV C/M 201 

1113 

Press Xducer 

1068 

IV C./N1 201 

1114 

Press Xducer 

1069 

IV C/M 201 

1115 

Signal Cond. 

1067 

IV C/M 201 

1116 

Pwr. Dist. Box 

1083 

IV C/M 187 

1117 

Hardware Bolts & Nuts Washers 

1084 

IV C/M 187 

1118 

Pwr. Dist. Box 

1080 

IV C./M 187 

1119 

Accelerometer 

1089 

IV C/M 202 

1120 

Accelerometer 

1090 

IV C/M 202 

1121 

Panel 204 

1094 

IV C/M 202 

1122 

Sig. Conditioner 

1072 

IV C/M 202 

1123 

.Accelerometer 

1092 

IV C/M 202 

1124 . 

Sig. Conditioner 

1075 

IV C/M 202 

1125 

Sig. Conditioner 

1071 

IV C/M 202 

1126 

Current Limiter 

1086 

IV C M 186 

1127 

Current Limiter 

1087 

IV C/M 186 

1128 

Current Limiter Hardware 

1088 

IV C/M 186 

1129 

Washer 

1103 

IV C/M 192 

1130 

Hardware Clamps Brackets 

1102 

IV C/M 192 

1131 

l hardware 

1114 

IV C/M 038 

1132 

l hardware 

1111. 1112. 1113, 
1115 

IV C/M 038 

1133 

Elect. Cable Wrapping 

1126 

IV C./M 192 

1134 

Check Valve 

1128 

IV C./M 038 

1135 

Relief Valve 

1107 

IV C M 038 

1136 

Shut-Off Valve 

1108 

IVC/M 038 

1137 

W G Line Insulation 

1129 

IV C./M 038 

1138 

Shut-Off Valve 2.28DE 

1119 

IV C/M 038 

1139 

Relief Valve 2 2 AB 

1118 

IV C/M 038 

1140 

Water Glycol Sample 

1120 

IV C/M 038 

1141 

Water Glycol Sample 

1130 

IV C/M 038 

1142 

Temp. Sensor 

1110 

IV C/M 038 

1143 

Check Valve 22.1 

1109 

IV Cm M 038 

1144 

S. TXY Canister 

1132 

IV C M 073 

1145 

Stowage ( Minister 

1134 

IVC/M 073 

1146 

TV Flex C 'oil Cord 

1137 

IV C M 208 

1147 

Debris 

1139 

IV c: M 073 
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1148 

Debris 

1138 


IV C/M 073 

1149 

COAS 

1136 


IV C/M 073 

1150 

COAS Bulb 

1135 


IV C/M 073 

1151 

Hardware Cover S & T 

1131 


IV C/M 073 

1152 

Hardware Canister 

1138 


IV C/M 073 

1153 

Clamps & Screws 

1140 


IV C/M 209 

1154 

Storage Box 

1141 


IV C/M 200 

1155 

Shelf, Vacuum Cleaner 

1099 


IV C/M 200 

1156 

SCSJ Box 

1148 


CA C/M 231 

1157 

Knobs Cont. WMS Panel 

1149 


IV C/M 200 

1158 

Panel & Hardware WMS 

1150 


IV C/M 200 

1159 

Panel & Hardware WMS 

1151 


IV C/M 200 

1160 

Vert. Angle & Hardware 

1142 . 


IV C/M 200 

1161 

Horiz. “T’’& Hardware 

1143 


IV C/M 200 

1162 

Back-Up Valve 

1154 


IV C/M 200 

1163 

Back-Up Waive 

1157 


IV C/M 200 

1164 

UDL Line 

1158 


IV C/M 200 

1165 

Line, Fr. WMS Sel. Valve 

1160 


IV C/M 200 

1166 

Waive Selector WMS 

1161 


IV C/M 200 

1167 

Line Assy 

1162 


IV C/M 200 

1168 

Valve Check 

1164 


IV C/M 200 

1169 

Clamp 

1165 


IV C/M 200 

1170 

Line Assy 

1174 


IV C/M 200 

1171 

Line Assy Waste Man. 

1171 


IV C/M 200 

1172 

Blower Waste Management 

1170 


IV C/M 200 

1173 

Urine Dump Lock 

1163 


IV C./M 200 

1174 

Check Waive 

1172 


IV C/M 200 

1175 

Check Valve 

1173 


IV C/M 200 

1176 

ECU P-33 Connector 

1177 


IV C/M 209 

1177 

ECL T P-34 Connector 

1178 


IV C/ M 209 

1178 

Events Conditioner 

1179 


IV C/M 117 

1179 

Canister Med. Science 

1185 


IV C/M 117 

1180 

Events Conditioner Hardware 

1180 


IV C/M 117 

1181 

Bolts for J -80 J Box . 

1182 


IV C/M 117 

1182 

RE Coax Switch 

1186 


IV C/M 203 

1183 

Hardware for RF Coax Switch 

1188 


IV C/M 203 

1184 . 

Dust Cap and Tape 

1204 


IV C/M 162 

1185 

Sample W/G 

1294 


IV C/M 207 

1186 

Sample W, G 

1294 


IYC/M 207 

1187 

Debris 

1226 


IV C/M 211 

1188 

Debris 

1224 


IV C/M 211 

1189 

Debris 

1223 


IV C/M 211 

1190 

Debris 

1225 


IV C./M 211 

1191 . 

Debris . 

1229 


IV C/M 211 

1192 

Debris 

1222 


IV C./M 211 

1193 

Debris 

1230 


IV C/M 211 

1194 

Debris 

1231 


IV C./M 211 

1195 

Debris 

1219 


IV C./M 211 

1196 

Debris 

1232 


IV C/M 211 

1197 

Debris 

1227 


IV C./M 211 

1198 

Debris 

1228 


IV C/M 211 

1199 

Debris 

1221 

* • • - 

IV C/M 211 

12(H) 

Debris 

1220 


IV C/M 211 

1201 

Debris 

1234 


IV C M 211 
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1202 

Debris 

1203 

Debris 

1204 . 

RF Conn. Loc. Clamps 

1205 

C arid W Detection Unit 

1206 

Hardware for C and W Detection 

1207 

Access Panel 

1208 

J 11 Brkt. Hardware 

1209 

J9 Brkt. Hardware 

1210 - 

Sample #1 

1211 

Sampc #2 

1212 

Sample #3 . 

1213 

Sample #4 

1214 

Dye .Marker 

1215 

Dye Marker Swimmer 

1216 

End Cap Dye Marker 

1217 

Circuit Interrupter 

1218 

Circuit Interrupter 

1219 

Tube Sample 

1220 

1'ubc Sample 

1221 

Tube Sample 

1222 

Tube Sample 

1223 

Tube Sample 

1224 

Tube Sample 

1225 

Tube Sample 

1226 

Tube Sample 

1227 

Tube Sample 

1228 

Brkt. Bundle Clamp 

1229 

Line End “A" 

1230 

Brkt. Assy. & Hardware 

1231 

Tubing End “B" 

1232 

Tubing H20 Waste Tank 

1233 

Tube End "C" 

1234 

Tube End “D" 

1235 

Bracket 

1236 

Clamp Section 

1237 

Hdwrc. & Clamps 

1238 

Teflon $,* Spot Tie 

1239 

Food Compt. “A" 

1240 

Wire from C28 AR173 

1241 

G & N Loose Equipment 

1242 

Test Panel 

1243 

Door Scientific D 

1244 

Panel 

1245 

Door* Assembly RHEB . 

1246 

Door, Assembly RHEB - 

1247 ' 

Door. Assembly RHEB 

1248 

Door, Assembly RHEB 

1249 

ECS Restrictor Assembly 

1250 

Filter Assembly 

1251 

Filter Assembly 

1252 

Check Valve 

1253 • 

Check Valve 

1254 

Line Assembly 

1255 

Line Assembly 


1233 

1236 

1237 

1238 
1203 

1239 
1241 

1240 


1242 

1247 

1243 

1249 

1248 

1250 

1251 

1252 

1253 

1254 

1255 

1256 

1257 

1258 

1259 

1264 
1268 

1265 

1269 

1266 
1267 

1270 
1261. 
1263 
1262 

1271 

1272 

1276 

1277 
1275 

1278 
1281 
1280 

1279 
1282 

1291 

1292 

1293 

1294 

1295 

1296 

1297 


IV C/M 211 - 
IV C/M 211 
IV C/M 203 . 

IV C/M 006 
IV C/M 006 
IV C/M 006 
IV C/M 006 
IV C./M 006 
MA C/M 026 
MA C/M 026 
MA C./M 026 
MA C/M 026 
IV C/M 112 
IV C/M 112 
IV C/M 112 
IV C/M 152 
IV C/M 152 
IV C/M 190 
IV C./M 190 
IV C./M 190 
IV C/M 190 
IV C/M 190 
IV C./M 190 
IV C/M 190 
IV C/M 190 
IV C./M 190 
IV C/M 192 
IV C./M 190 
IV C/M 190 
IV C/M 190 
IV C./M 190 
IV C/M 190 
IV C/M 190 
IV C/M 179 
IV C/M 192 
IV C/M 192 
IV C/M 192 
IV C/M 105 
IV.C/M 179 
IV C./M 115 
IV C/M 115 
IV C/M 115 
IV C/M 115 
IV C/M 141 
IV C/M 141 
IV C./M 141 
IV C/M 141 
IV C./M 086 
IV C./M 086 
IV C./M 086 
IV C./M 086 
IV C/M 086 
IV C/M 086 
IV C./M 086 
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1256 

Line Assembly 

1298 . 

IV C/M 086 

1257 

Line Assembly 

1299 

IV C/M 086 

1258 

Clamp 

1300 

IV C/M 086 

125$ 

Hardware 

1301 

IV C/M 086 

1260 

02 Line 

1302 

IV C/M 086 

1261 . 

Oxygen Restrictor Assembly 

1303 

IV C/M 086 
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I 
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